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foundation,	but	also	 for	entry	 into	and	mobility	within	 today's	 increasingly	 technological	
and	 globalized	 workplace,	 as	 well	 as	 for	 informed,	 democratic	 participation	 in	 society	
(National	Academies	Press,	2007b).	Within	the	United	States,	low‐income,	ethnic	minority	
students	are	disproportionately	underperforming	and	underrepresented	in	science,	as	well	
as	 mathematics,	 engineering	 and	 other	 technology	 fields	 (Business‐Higher	 Education	
Forum,	2011;	National	Assessment	of	Educational	Progress,	2009).	This	is	due,	in	part,	to	a	
lack	of	educational	structures	and	strategies	that	can	support	low‐income,	ethnic	minority	
students	 to	become	competent	 in	science	 in	equitable	and	empowering	ways.	 In	order	to	
investigate	 such	 structures	 and	 strategies	 that	 may	 be	 beneficial	 for	 these	 students,	 a	
longitudinal,	qualitative	study	was	conducted.	The	15	month	study	was	an	investigation	of	
science	 identity	 negotiation	 informed	 by	 the	 theoretical	 perspectives	 of	 Brown’s	 (2004)	
discursive	 science	 identities	 and	 Tan	 and	 Barton’s	 (2008)	 identities‐in‐practice	 amongst	
ten	 high	 school	 students	 in	 an	 informal	 science	 program	 and	 employed	 an	 amalgam	 of	
research	 designs,	 including	 ethnography	 (Geertz,	 1973),	 case	 study	 (Stake,	 2000)	 and	
grounded	theory	(Glaser	&	Strauss,	1967).	Findings	indicated	that	the	students	made	use	of	
two	 strategies,	 discursive	 identity	 development	 and	 language	 use	 in	 science,	 in	 order	 to	
negotiate	student	science	identities	in	satisfying	ways	within	the	limits	of	the	TESJ	practice.	
Additionally,	 3	 factors	 were	 identified	 as	 being	 supportive	 of	 successful	 student	 science	
identity	 negotiation	 in	 the	 informal	 practice,	 as	 well.	 These	were	 (i)	 peer	 dynamics,	 (ii)	




STEM	 career	 development,	 specific	 behaviors	 were	 indicative	 of	 students’	 serious	
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Developmental	 Transition	 from	 Non‐Traditional	 to	 Traditional	
Scientific	Discourses	
129	






















































































































Figure	3:	Bar	Chart	Representing	 the	Racial	 and	Ethnic	Distribution	 in	TESJ	From	
July	2010	–	September	2011	
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From	 international	 educational	 statistics,	 it	 appears	 that	 the	United	 States	 falls	 in	
the	average	range	 in	science	 (National	Center	 for	Education	Statistics,	2009).	This	makes	
the	 state	 of	 science	 education	 in	 the	 US	 appear	 less	 dire;	 however,	 when	 the	 data	 are	
examined	 more	 closely,	 parsed	 out	 based	 on	 socioeconomic	 status	 and	 ethnicity,	 low‐



















The	 US	 has	 always	 been	 concerned	 about	 the	 quality	 of	 its	 education	 system	 in	
science	and	more	generally	(National	Commission	on	Excellence	in	Education,	1983).	Back	
in	the	Sputnik	era	of	the	 ‘50s	and	‘60s,	a	fiercely	competitive	focus	was	placed	on	science	
education	 (Lagemann,	 2000).	 Science	 and	 scientists	were	 seen	 as	 the	 keys	 to	winning	 a	




on	 the	 content	 of	 the	 curriculum,	 the	 standards	 held	 for	 the	 students,	 time	 spent	 on	
schoolwork,	quality	of	teachers	and	the	educational	leadership	within	schools.	The	report	
targeted	 the	 quality	 of	 education,	 in	 general,	 but	mentions	were	made	 of	 increasing	 the	
time	 committed	 to	 science	 instruction	 and	 the	 science	 content	 background	 of	 science	
teachers.	While	the	Nation	at	Risk	(1983)	report	focused	on	the	discipline	and	focus	lacking	
amongst	 students	 and	 their	 parents,	No	Child	Left	Behind	 (U.S.	Department	 of	Education,	
2002),	 focused	 on	 teacher	 quality	 in	 US	 schools.	 Regarding	 science	 education,	 science	
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are	 transferred	 over	 to	 university	 education	 (National	 Academies	 Press,	 2007a).	
Recommendations	 based	 on	 this	 argument	 include	 that	 the	 US	must	 strengthen	 science	
education	by	providing	a	larger	number	of	qualified	and	appropriately	prepared	teachers;	




education.	 First,	 given	 the	 increasingly	 global	 nature	 of	 the	 job	market,	 competition	 has	
been	extended	across	many	more	nations	beyond	the	US.	Significant	proportions	of	the	US‐
based	 scientists	 and	 engineers	 were	 born	 and	 have	 earned	 their	 highest	 educational	
degrees	outside	of	the	US	(National	Science	Board,	2008).	Second,	low	wages	for	employees	
and	low	costs	of	investment	and	production	attract	businesses	to	countries	abroad	rather	
than	 the	 US.	 It	 is	 expensive	 to	 house	 and	 finance	 business	 ventures	 in	 the	 US	 given	 the	





As	 a	 result,	 the	 US	 economy	 suffers	 in	 comparison	 to	 other	 burgeoning	 nations	 such	 as	
China,	Russia,	Brazil	and	 India	 (Fox,	2009).	The	 following	summarizes	 the	 frustrations	of	






































social	 mobility.	 For	 instance,	 over	 the	 years,	 science	 career	 opportunities	 have	 grown	
rapidly.	 From	1950	 to	2000,	 science	 and	 engineering	 careers	 grew	at	 an	 average	 annual	
rate	of	6.7%,	well	above	the	1.6%	average	annual	rate	for	all	employment	(National	Science	
Board,	 2008).	 Additionally,	 science	 and	 engineering	 careers	 can	 provide	 much	 needed	
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economic	 aid	 during	 recessions.	 For	 instance,	 in	 2006,	 unemployment	 in	 science	 and	
engineering	career	 fields	declined	to	1.6%	from	its	20‐year	high	of	4%	in	2003	(National	
Science	 Board,	 2008).	 The	 problem	 still	 remains,	 however,	when	 the	 data	 are	 examined	
with	 respect	 to	 ethnic	 sub‐populations,	 it	 is	 seen	 that	 Blacks	 and	 Latinos	 are	 still	
represented	 in	 the	 STEM	 industry	 at	 levels	 well	 below	 their	 proportions	 in	 the	 total	
population,	despite	data	that	show	that,	at	the	undergraduate	level,	Black,	Latino	and	White	
students	choose	science	and	engineering	fields	at	the	same	rate,	i.e.	about	one	third	of	each	
group	 chose	 science	 and	 engineering	 fields	 (National	 Science	 Board,	 2008).	 	 Therefore,	
although	the	proportions	of	Black,	Latino	and	White	representation	correspond	with	their	






education	permeates	multiple	 fields	 of	 study	 and	occupations.	With	 respect	 to	 the	 STEM	
industry	specifically,	however,	this	field	faces	unique	challenges	regarding	future	scientists	
and	engineers	and	 the	US’	 STEM	 innovation	 for	global	 competitiveness.	For	 instance,	 the	
number	 of	 students	 en	 route	 to	 science	 study	 or	 careers	 dwindles	 at	 each	 educational	
transition	 (i.e.	 from	high	 school	 graduation	 to	 being	 college‐ready	 to	 declaring	 a	 science	
college	major	 to	pursuing	post‐graduate	science	study	 to	entering	a	 science	career)	 (CRS	
Report	 for	 Congress,	 2008;	 National	 Science	 Board,	 2008).	 Three	 major	 aspects	 of	 this	
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problem,	 also	 known	 as	 the	 “leaky	 STEM	 pipeline”	 problem,	 are	 that,	 first,	 a	 significant	
number	of	students	are	not	successfully	graduating	 from	high	school;	second,	 from	those	
graduates	who	are	college‐ready	and	who	do	enter	college,	many	of	them	do	not	choose	to	
study	 in	a	STEM	 field;	and	 third,	of	 those	students	majoring	 in	STEM,	 there	 is	 significant	
attrition	 from	STEM	majors	by	 the	 time	of	 college	graduation	 (NCES	Digest	of	Education	
Statistics,	 2008).	 Finally,	 a	 significant	 segment	of	 the	professional	 science	 labour	 force	 is	
nearing	retirement,	(CRS	Report	for	Congress,	2008;	National	Science	Board,	2008)	making	
the	need	for	new	competent	and	innovative	STEM	professionals	even	more	pressing.	
Overall,	 a	 strong	 educational	 foundation	 in	 science	 is	 important	 for	 an	 informed,	
democratic	citizenry,	particularly	as	science	 is	 increasingly	 involved	 in	various	aspects	of	








Progress	 (NAEP,	 2009)	 report.	 With	 respect	 to	 different	 racial	 and	 ethnic	 student	
populations,	White	and	Asian/Pacific	Islander	twelfth‐graders	performed	most	proficiently	
on	 national	 science	 assessments.	 Within	 these	 groups,	 72%	 and	 73%	 (White	 and	




will	 be	 located	 in	 the	 appendix).	Next,	were	American	 Indian	 and	Latino	 twelfth‐graders	
with	53%	and	42%,	respectively	at	or	above	the	basic	level	and	47%	and	58%,	respectively	
below	basic	proficiency	in	science.	Worst	off	were	Black/African	American	twelfth‐graders	
with	 only	 29%	 at	 or	 above	 basic	 proficiency	 in	 science	 and	 71%	 below	 the	 basic	 level.	






not	 proficient	 and	 uninterested	 in	 STEM,	 shown	 here	 in	 purple,	 are	 significantly	 higher	
than	the	percentages	of	students	who	are	proficient	in	Math	and	interested	in	STEM,	here	
in	red,	who	are	proficient	in	Math	but	not	interested	in	STEM,	here	in	green,	and	those	not	












Similarly	 concerning	 is	 that,	 amongst	 White	 students,	 the	 number	 of	 students	



















levels	 in	 science;	 definitions	 will	 be	 located	 in	 the	 appendix).	 The	 percentages	 of	 US	
students	performing	at	each	of	these	levels	increased	from	4th	to	8th	grade.		
Looking	across	2009	NAEP	and	2007	TIMSS	data,	at	both	the	4th	and	8th	grade	levels,	
TIMSS	data	 show	 that	 the	US	 students	are	above	average	 in	 science.	 In	2009	NAEP	data,	
ethnic	minority	high	school	students	are	shown	to	be	performing	below	average	in	science.	
So,	 it	 appears	 that	 across	 ethnicity,	 and	 likely	 socioeconomic	 class	 lines,	 there	 are	
differences	 in	 science	 performance	 and	 proficiency	 to	 the	 disadvantage	 of	 low‐income,	
ethnic	 minority	 students	 and,	 thus,	 differences	 in	 the	 related	 career	 development	 and	
livelihood	benefits	of	a	sound	science	education.	
The	 following	 have	 been	 derived	 from	 the	 2009	 Programme	 for	 International	
Student	 Assessment	 (PISA)	 report	 (Organization	 for	 Economic	 Co‐Operation	 and	
Development,	2010).	The	US	was	ranked	23rd	in	the	2009	PISA	science	assessments.	When	
statistically	 significant	differences	 in	 student	 scores	were	 considered,	 the	US	 ranked	19th	
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3.2%	 representation	 here.	 Additionally,	 more	 than	 20%	 of	 Shanghai‐China’s	 students	
performed	 at	 or	 above	 level	 5.	 At	 or	 below	 level	 1	 science	 proficiency	 is	 troubling	 since	
“[s]uch	 students	 will	 have	 serious	 difficulties	 in	 using	 science	 to	 benefit	 from	 further	
















non‐leading	 position	 in	 science	 worldwide;	 however,	 PISA	 makes	 the	 case	 more	 urgent	












behind	 or	 staying	 behind	 in	 science	 and	 do	 not	 reap	 the	 socioeconomic	 and	 vocational	
benefits	of	a	sound	science	foundation.		A	number	of	problems	have	been	identified	as	the	
source	of	this	educational	predicament	and	a	number	of	intervention	strategies	have	been	












A	 lack	 of	 interest	 in	 science	 amongst	 students	 is	 often	 named	 as	 a	 major	
contributing	 factor.	 Interest	 is	high	amongst	young	children,	but	declines	with	 increasing	




science	 exploration	 program	 from	 1992	 to	 1994	 for	 middle	 school	 students.	 The	
researchers	 found	 that	 in	 each	 year,	 amongst	 all	 students,	 accepted	 and	 non‐accepted	
program	participants	 and	a	 control	 sample	of	middle	 school	 students,	 interest	 in	 science	
decreased	 from	 middle	 to	 high	 school;	 but	 the	 science	 program	 participants’	 interests	
remained	highest	over	time	and	eventually	the	non‐accepted	applicants’	science	 interests	
fell	to	the	level	of	the	control	students	who	did	not	apply	to	the	program.	Stake	and	Mares	
(2005)	 reported	 on	 a	 similar	 informal	 and	 immersive	 summer	 science‐enrichment	
program	run	 from	1999	to	2001	 for	gifted,	ethnically	diverse,	high	school	boys	and	girls.	
They	 found	a	 significant	positive	 impact	 on	 the	 students’	 science	motivation	 in	 the	 long‐
term,	i.e.	three	to	seven	months	following	the	program,	but	not	immediately	following	the	
program.	 Exemplifying	 the	 on‐going	 discussion	 that	 sub‐populations	 differentially	




but	 the	 researchers	 also	 found	 that	 the	 program	 was	 more	 successful	 with	 enhancing	
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science	 interest	 amongst	 the	White	 participant	 than	 the	 ethnic	minority	 participant.	 The	
same	effect	was	seen	with	respect	to	enjoyment,	self‐concept	and	career	aspirations	with	
respect	to	science.	
Tai,	 Liu,	Maltese	 and	Fan’s	 (2006	 )	 study	 further	demonstrates	 the	 significance	of	
student	 interest	 in	 science.	 Tai	 et	 al.	 found	 that	 science	 career	 expectations	 for	 oneself	
formed	 early	 on	 in	 life,	 by	 age	 13,	 and	was	 significant	 in	 the	 eventual	 attainment	 of	 the	
desired	 science	 career.	 For	 instance,	 students	 who,	 at	 13	 years	 old,	 expected	 to	 have	
science‐related	 careers	at	 age	30	had	29%	and	34%	chances	of	 earning	 life	 sciences	and	
physical	 sciences/engineering	 baccalaureate	 degrees,	 respectively,	 compared	 to	 students	
not	expecting	to	attain	life	sciences‐related	or	physical	sciences/engineering	careers	(18%	
and	 10%,	 respectively).	 This	 is	 not	 simply	 attributed	 to	 the	 student,	 having	 developed	
interest	in	these	relatively	difficult	career	goals,	beginning	to	work	harder	than	their	peers	
and	 thus	 performing	 better	 academically.	 This	 point	 is	 confirmed	 as	 an	 average	 math	
achiever	 in	 the	8th	grade	with	expectations	of	a	science	career	was	more	 likely	 to	earn	a	
physical	 science/engineering	 degree	 (34%)	 than	 a	 high	 achieving	math	 student	without	
science	career	expectations	 (19%).	This	early	 interest	 in	 the	science	profession	was	 thus	
more	 significant	 in	 science	 learning	 and	 progress	 in	 the	 educational	 pipeline	 towards	 a	
science	career	than	just	ability.	Those	who	perform	better	academically,	but	do	not	develop	
increasingly	 self‐driven	 science	 interests	 might	 just	 be	 “doing	 school”	 better	 than	 their	
science‐interested	peers.	
Looking	 further	 at	 interest	 in	 science	 study,	 Lau	 and	 Roeser’s	 (2002)	 research	
demonstrated	 that,	 if	motivation	 to	 learn	science	was	stimulated,	positive	outcomes	with	
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science	 achievement	 was	 also	 predicted.	 Furthermore,	 Lau	 and	 Roeser	 found	 that	
motivation	to	engage	in	science	was	more	significant	than	science	ability	or	self‐efficacy	in	
predicting	 science	 achievement.	 Science	 self‐efficacy	 did	 not	 influence	 or	 enhance	 extra‐




curricular	 science	 might	 work	 to	 maintain	 equitable	 educational	 experiences	 around	
science,	 maintaining	 students’	 interest,	 science	 career	 development	 and	 formal	 school	
science	achievement.	
As	 with	 the	 significance	 of	 task	 value	 on	 extra‐curricular	 engagement	 in	 science	
(Lau	 &	 Roeser,	 2002),	 students’	 perceptions	 of	 science	 as	 relevant	 and	 meaningfully	
connected	 to	 their	 lives	was	also	 important	 in	 stimulating	or	 sustaining	 interest	 (Basu	&	
Barton,	 2007;	 Glynn,	 Taasoobshirazi,	&	 Brickman,	 2007).	 Basu	 and	Barton	 (2007)	 found	
that	 amongst	 high‐poverty,	 urban	 youth,	 science	 interest	was	 sustained	when	 the	 youth	
perceived	 their	 science	 experiences	 as	 connected	 with	 how	 they	 envisioned	 their	 own	
future	 and	when	 science	activities	were	meaningful	 and	useful	 to	 them	and	 their	unique	














instructional	 science	 methods	 such	 as	 didactic,	 teacher‐centered	 delivery	 and	 teachers	
aiming	 to	 cover	a	breadth	of	 science	 topics	 rather	 than	engage	deeply	 in	 the	exploration	
and	 discovery	 process	 (Li,	 Klahr,	 &	 Siler,	 2006;	 Yager	 &	 Akcay,	 2008).	 Additionally,	
insufficient	science	teacher	education	and	preparation,	particularly	in	schools	serving	low‐
income,	 underserved	 students	 contribute	 to	 subpar	 learning	 opportunities	 for	 these	
students	 (National	 Academies	 Press,	 2007a;	 National	 Commission	 on	 Teaching	 and	
American’s	Future,	1996;	Tate,	2001).	
Traditional	 science	 classrooms	 are	 text‐centered	 (Gallagher,	 1991;	 Yore,	 1991).	
Lemke	(1989),	drawing	from	the	academic	and	social	purposes	of	language	and	discourse	
analysis	 said	 that	 when	 texts	 are	 read	 verbatim	 in	 order	 to	 learn,	 solve	 problems	 and	
answer	questions,	 as	 often	 is	 the	 case	 in	 “school	 science,”	 the	 text	 itself	 simply	 becomes	
another	actor	in	the	classroom,	rather	than	a	resource.	When	science	classes	are	centered	
largely	 on	 the	 take‐up	of	 text‐quoted	definitions	 and	 strategies,	 neither	 the	 students	nor	
the	teacher	demonstrate	competence	with	the	information	contained	in	the	book	(Lemke,	




more	 self‐driven	 and	 focused	 on	 the	 enjoyment	 of	 the	 practice	 in	 and	 of	 itself	 when	 a	
person	perceives	herself	to	be	skilled	in	that	practice	(Ryan	&	Deci,	2000).	Science	interest	




can	 be	 innately	 enjoyable	 and	 interesting	 for	 students.	 For	 instance,	 Kanter	 and	
Konstantopoulos	(2010)	examined	the	impact	of	project‐based	science	(PBS)	curricula	on	
low‐income,	 urban,	 ethnic	 minority	 middle	 school	 students’	 science	 attitudes	 and	
achievement,	 as	 well	 as	 any	 long‐term	 impact	 on	 	 college	 and	 career	 planning.	 Project‐
based	science	pedagogy	centers	on	a	realistic	research	problem	in	which	students	engage	
in	a	process	of	long‐term,	student‐driven	scientific	inquiry,	while	collaborating	with	others,	











towards	 science	 and	 science	 content	 learning.	 Focused	on	 the	physics	 of	 sound	and	bird	
communication	in	urban	settings,	the	students	were	involved	in	authentic	science	practices	
and	experimental	 techniques	with	equipment	 that	experts	would	use	 in	developmentally	
appropriate	 ways.	 Furthermore,	 the	 learning	 material	 was	 presented	 in	 a	 purposeful	
format,	 as	 opposed	 to	 one	 that	 was	 decontextualized	 and	 incoherent.	 There	 were	 two	
forms	 of	 assessments	 used	 for	 student	 understanding.	 The	 proximal	 assessment,	 aligned	
directly	with	 the	 implemented	 curriculum,	 indicated	 an	 increase	 in	 students’	 conceptual	
understanding	 of	 the	 central	 environmental	 science	 problem	 under	 investigation	 and	 in	







practical	 applications	of	 science,	mathematics	 and	 technology	 in	mechanical	 engineering,	
aircraft	and	ship	operations,	navigation	in	the	air	and	at	sea	and	meteorology.		The	authors	
provided	 an	 interdisciplinary,	 experiential	 learning	 program	 for	 5th	 grade	 students	 that	
operated	 through	a	partnership	with	 the	US	Navy.	Pretest‐posttest	comparisons	between	
94	 participating	 students	 and	 23	 control	 students	 indicated	 a	 34	 to	 45%	 science	




Kisiel	 (2006)	 reported	 on	 a	 museum	 science	 education	 program	 that	 focused	 on	
marine	 biology	 and	 included	 hands‐on	 activities,	 conversations	 with	 museum	 scientists,	
field	 trips	 to	 other	 museums	 and	 science	 institutions	 and	 open	 discussions.	 To	 assess	
changes	 in	 scientific	 understanding,	 a	 very	 open‐ended	 question,	 “What	 comes	 to	 mind	
when	 you	 think	 of	 the	 ocean?”	was	 asked	 at	 the	 beginning,	 end	 and	 6	months	 after	 the	
program.	At	the	start	of	the	program,	students	discussed	mainly	personal	experiences	with	
the	 ocean	 and	 discussed	 animals,	 ocean	 ecology	 and	 environmental	 concerns.	 At	 the	
completion	 of	 the	 program,	 responses	 discussing	 personal	 experiences	 decreased,	 while	
discussion	of	the	ocean	as	a	special	ecosystem,	animals	by	specific	names,	animal	behavior	
and	 anatomy	 increased.	 The	 depth	 of	 students’	 discussions	 also	 increased	 and	 the	
discussion	 of	 environmental	 concerns	 shifted	 from	 describing	 the	 ocean	 as	 dirty	 or	
polluted	 to	 discussing	 human	 impacts	 on	 the	 ocean.	 Six	 months	 after	 the	 program,	
students’	answers	were	again	more	generalized,	but	discussions	of	the	ocean’s	ecosystem	
still	occurred	and	animals	were	still	referenced,	but	not	by	species‐specific	names.	With	the	
more	generalized	answers,	 the	material	was	not	necessarily	 internalized	by	 the	students,	
but	 the	ocean	was	 still	 examined	 from	a	 scientific	 perspective.	The	 students	 enjoyed	 the	
program,	were	positive	and	expressed	 interest	 in	coming	back	 to	 the	museum.	They	also	
enjoyed	the	activities	and	meetings	with	scientists;	however,	they	did	not	 like	the	formal,	
“school‐like”	sections	such	as	long	lectures	and	worksheets	to	be	completed.	Students	also	











As	 stated	 earlier,	 the	 traditional	 ways	 that	 science	 is	 taught	 in	 school	 do	 not	
encourage	student	interest	in	science	study	and	STEM	careers.	Informal	science	education	
settings	 have	been	 shown	 to	 be	 successful	 in	 counteracting	 this.	 There	 is	 a	 great	 deal	 of	
evidence	in	support	of	the	educational	and	career	development	benefits	of	informal	science	
education	 and	 “free‐choice	 learning”	 (Falk	 &	 Dierking,	 2010)	 in	 enhancing	 how	 people	
learn	science	and	encouraging	students	to	consider	and	then	sustain	STEM	career	interests.	
For	instance,	DiLisi,	McMillin,	and	Virostek	(2011)	found	that,	following	an	informal	science	
intervention,	 students	 with	 existing	 STEM	 career	 interests	 maintained	 these	 interests;	
however,	 students	 who	 were	 initially	 undecided	 reported	 higher	 levels	 of	 STEM	 career	
interests.	
Specific	 characteristics	of	 informal	 science	programs	underlie	 the	success	of	 these	
programs	 in	 supporting	 students’	 science	 interest	 and	 learning.	 For	 instance,	 informal	
science	 learning	 supports	 the	 different	 learning	 styles	 of	 more	 learners	 than	 traditional	
classrooms	and	promotes	intrinsic	motivation	and	enjoyment	of	learning	(Melber	&	Brown,	
2008).	 In	 Fadigan	 and	 Hammrich’s	 (Fadigan	 &	 Hammrich,	 2004)	 informal	 science	
intervention,	 the	 social	 and	 interactive	 nature	 of	 the	 setting	 was	 one	 of	 the	 program’s	
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strengths.	 In	DiLisi	 et	 al.’s	 (2011)	 successful	 informal	 science	program	setting,	described	
above,	 students	were	 provided	 autonomy	 in	 their	 learning	 experiences.	 The	 high	 school	
students	 were	 allowed	 to	 design	 and	 manage	 displays	 for	 museum	 exhibits	 that	 they	
administered	 for	 younger	 students	 and	 the	 larger	 public.	 During	 this	 process,	 they	were	
given	 responsibility	 and	 decision‐making	 power	 as	 they	worked	with	 fellow	 high	 school	
students,	 undergraduates,	 teachers,	 museum	 staff,	 and	 visiting	 STEM	 professionals.	 This	
kind	of	learning	environment	was	possible	because	of	the	informal	design	and	the	out‐of‐
school	institutional	connections.	
Without	 connections	 to	 formal	 school	 science,	 the	 impact	 of	 informal	 science	
education,	however,	is	limited.	In‐school	science	education	is	more	influential	on	students’	
successful	attainment	of	STEM	careers	in	terms	of	assessment,	school	grades	and	required	
academic	 credentials.	 Without	 the	 connections,	 students	 might	 become	 interested	 in	
science	 and	 science	 careers	 as	 a	 result	 of	 informal	 science	 experiences,	 however,	 they	
might	not	be	satisfied	with	the	educational	experiences	provided	in	the	formal	classroom	
or	might	be	 turned	off	by	 traditional	 forms	of	 classroom	assessments,	namely	 tests,	 thus	
undermining	their	newly	stimulated	science	interests.	
Connections	between	Informal	and	Formal	Science	Experiences	
Melber	 and	 Brown	 (2008)	 describe	 ways	 in	 which	 traditional	 classrooms	 can	
incorporate	the	positive	elements	of	informal	learning	settings.	These	include	(i)	providing	
students	 alternative	 options	 for	 assessment,	 including	 oral	 communication,	 computer	




of‐classroom	 opportunities,	 for	 example	 through	 field	 trips	 to	 museums	 and	 nature	
reserves;	(iv)	providing	students	with	room	for	autonomy	in	deciding	what	activities	they	
do,	 how	 to	 structure	 and	 carry	 out	 investigations,	 etc.;	 and	 (v)	 being	 flexible	 and	 taking	
advantage	of	unexpected	teachable	moments.	
In	 order	 to	 increase	 the	 number	 of	 students	 who	 benefit	 from	 these	 educational	
experiences,	 institutional	support	on	behalf	of	 formal	school	settings	 is	 important	(DiLisi,	
et	al.,	2011).	In	other	words,	if	schools	acknowledge	the	work	of	informal	science	programs	
as	valuable	by,	for	example,	providing	academic	credit	directly	linked	to	the	students’	K‐12	





realistic	 perspectives	 of	 STEM	 careers	 through	 internships	 or	mentors,	 for	 instance,	 can	
inform	 students’	 decisions	 in	 their	 formal	 school	 settings,	 including	 taking	 the	necessary	
coursework	 and	 encouraging	 discipline	 and	 diligence	 in	 their	 schoolwork	 (Fadigan	 &	
Hammrich,	 2004).	 Additionally,	 students	 learn	 academic	 content	 and,	 in	 some	 cases,	
inquiry	and	research	skills	that	supplement	their	formal	science	classes.	
Finally,	 science	 education	 should	 be	 considered	 a	 continuum	 from	 formal	 to	
informal	 settings	 and	 never	 an	 either/or	 (Liu,	 2009).	 More	 “free‐choice	 learning”	
opportunities	should	be	incorporated	into	structured	formal	science	settings,	for	example	










Amongst	middle	school	students,	an	 intervention	designed	 to	strategically	emphasize	 the	
career	connections	in	the	science	curricula	had	resulted	in	an	increase	in	science	and	math	
achievement	 amongst	 treatment	 students.	 The	 treatment	 students	 maintained	 higher	
grades	than	a	control	group	throughout	the	year,	although	all	students’	grades	decreased	
throughout	the	year,	and	treatment	students	selected	a	high	school	STEM	magnet	program,	
i.e.	 a	 program	 specifically	 focused	on	 the	math	or	 science	 career	 interest,	 over	 a	 general	
high	school	more	than	the	control	students.		
Besides	 emphasizing	 future	 career	 options,	 the	 utility	 of	 science	 can	 also	 be	




for	 instance	 by	 exploring	 health	 issues	 and	 diseases	 experienced	 by	 family	 members,	




nutrition	unit	 structured	 as	 a	 simple	 inquiry	project	 focused	on	 the	health	 and	nutrition	
impact	 of	 a	 culturally	 popular	 food,	 plantanos.	 This	 instructional	 strategy	 proved	 to	 be	
successful	in	stimulating	interest	and	scientific	inquiry	practices	amongst	the	students.	
Background	and	Contextual	Impacts	on	Science	Interest	
Lent,	 Brown	 and	 Larkin’s	 (1984)	 foundational	 Social	 Cognitive	 Career	 Theory	
(SCCT)	study	identified	a	number	of	 important	 factors	related	to	science	and	engineering	
career	 interests.	The	most	 significant	 factor	was	 self‐efficacy	with	 respect	 to	 science	and	
engineering.	The	authors	examined	the	relationship	between	self‐efficacy,	persistence	and	
success	 in	 science	 and	 engineering	 college	 majors	 amongst	 science	 and	 engineering	
undergraduates	 and	 found	 that	 students	 with	 higher	 self‐efficacy	 persisted	 longer	 and	
performed	 better	 in	 science	 and	 engineering	 career	 paths	 than	 those	 with	 lower	 self‐
efficacy.	 Similar	processes	 influencing	 interest	 and	persistence	 in	 science	were	 identified	
amongst	 younger,	 more	 ethnically	 diverse	 students.	 For	 instance,	 Quimby,	 Wolfson	 and	
Seyala	 (2007)	examined	 the	 impact	of	 social	 cognitive	variables,	 brought	 to	 the	 research	
fore‐front	by	a	proliferation	of	studies	following	up	on	Lent	et	al.’s	study,	on	environmental	
science	interests	amongst	high‐achieving,	college‐bound	African	American	teenagers	in	an	
urban,	 scientific	 and	 technical	 high	 school.	 Investigative	 self‐efficacy	 was	 the	 most	
significant	predictor	of	interest	in	environmental	science.	Outcome	expectations,	perceived	
barriers,	 support	 and	 concern	 for	 the	 environment	 were	 also	 significant	 predictors.	
Although	 not	 significantly	 predictive	 of	 environmental	 science	 interests,	 concern	 for	
environmental	 issues	was	significantly	 correlated	with	 interest	 in	environmental	 science,	
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investigative	 self‐efficacy	 and	 perceived	 support	 for	 pursuing	 an	 environmental	 science	
occupation.	
Targeting	particular	 factors	of	 career	development	 in	 science,	 such	as	 self‐efficacy	
highlighted	 above,	 can	 be	 significantly	 impactful	 because	 these	 have	 been	 shown	 to	
transcend	racial	and	ethnic	groups.	For	instance,	math	and	science	self‐efficacy	and	gender	
have	been	shown	 to	be	 significantly	predictive	of	 STEM	career	 interests	 amongst	 a	 large	
number	 of	 ethnically	 diverse	 high	 school	 students	 (O'Brien,	 Martinez‐Pons,	 &	 Kopala,	
1999).	Similarly,	Navarro,	Flores	and	Worthington	(2007)	tested	the	validity	of	the	Social	





math.	Outcome	 expectations,	mediated	 by	 interests,	 positively	 predicted	 goals	 in	 science	




well.	 Beginning	 with	 gender,	 Zeldin	 and	 Pajares	 (2000)	 examined	 how	 self‐efficacy	
influenced	 the	 academic	 and	 career	 choices	 of	women	 in	 STEM	 careers	 using	 Bandura’s	








were	 important	 sources	 for	 the	 STEM	 career	women’s	 self‐efficacy	more	 than	women	 in	
traditional,	 non‐male‐dominated,	 non‐STEM	 career	 settings.	 Specifically	 with	 respect	 to	
verbal	 persuasion	 and	 vicarious	 learning	 opportunities,	 the	women	 identified	 significant	
individuals	who	acted	as	role	models	and	encouraged	them	as	instrumental	to	their	entry	
into	and	persistence	in	these	STEM	fields.	In	2008,	Zeldin,	Britner	and	Pajares	extended	the	






the	 women	 received	 to	 persevere	 in	 STEM.	 The	 men	 appeared	 to	 interpret	 their	 own	
experiences	and	successes	when	developing	their	self‐efficacy,	while	the	women	appeared	
to	rely	on	relational	experiences	to	develop	their	STEM	self‐efficacy.		
Jones,	 Howe	 and	 Rua	 (2000)	 also	 examined	 the	 impact	 of	 gender,	 this	 time,	 on	
middle	 school	 students’	 attitudes	 towards	 science	 and	 science	 careers.	 They	 found	 that	
differences	in	gender	socialization	did	exist	 in	the	appeal	of	science	to	the	students,	 their	
motivation	to	do	scientific	jobs	and	their	perception	of	science.	Finally,	Miller,	Blessing	and	
Schwartz	 (2006)	 examined	 the	 impact	 of	 gender	on	high	 school,	 college‐bound	 students’	
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attitudes	 towards	 science	 classes,	 their	 perceptions	 of	 science	 and	 scientists	 and	 their	
views	about	majoring	in	science.	Traditional	gender	differences	did	exist,	 in	favor	of	male	
students,	in	terms	of	interest	in	and	perceived	relevance	of	science	study.	
Some	researchers	 looked	at	 the	 intersection	of	gender	and	race.	Post,	Stewart	and	
Smith	 (1991)	examined	 the	effects	of	gender,	 interest,	 self‐efficacy	and	self‐confidence	 in	
science	on	Black	 college	 freshmen’s	 consideration	of	 science	 careers.	Gender	 remained	a	
significant	 predictor	 of	 the	 students’	 consideration	 of	 STEM	 versus	 non‐STEM	 careers.	





Buck,	 Plano	 Clark,	 Leslie‐Pelecky,	 Lu	 and	 Cerda‐Lizarraga	 (2008)	 examined	 the	
cognitive	 processes	 used	 by	 eighth‐grade	 girls	 in	 identifying	 a	 science	 role	 model	 in	 a	
qualitative	 feminist	 study.	The	 researchers	 found	 that	 the	girls’	 initial	 views	of	 scientists	
made	them	believe	that	connecting	with	a	scientist	in	meaningful,	supportive	ways	was	not	
possible.	Significant	with	respect	to	differences	across	racial	and	ethnic	groups	was	that	the	
African	 American	 girls	 felt	 that	 race‐matching	 between	 students	 and	 mentors	 was	
important,	 while	 the	 Latina	 and	 White	 girls	 did	 not.	 Buck	 et	 al.’s	 study	 expands	 the	






amongst	 undergraduate	 women	 of	 color	 in	 science.	 Findings	 indicated	 that	 three	 major	
science	identities	formed	amongst	the	undergraduate,	ethnic	minority	women	as	a	result	of	
community	 experiences,	 motivation	 in	 science,	 support	 and	 recognition	 from	 significant	
people	in	the	academic	science	communities,	for	example	professors.	The	students	with	the	
most	 successful	 science	 identity	 performed	 the	 highest	 on	 tests	 of	 science	 achievement,	
persisted	 in	 the	 science	pipeline	 and	progressed	 towards	post‐graduate	 science	 study	or	
science	 careers,	 were	 positively	 recognized	 by	 significant	 individuals	 in	 the	 academic	
science	 communities	 and	 were	 most	 often	 interested	 in	 research	 scientist	 or	 academic	




two	 groups,	 a	 third	 student	 science	 identity	was	detected.	 These	women	performed	 at	 a	
level	 lower	 than	 the	 first	 group	 in	 terms	 of	 science	 achievement	 and	 persisted	 in	 their	
science	career	interests;	however,	their	motivations	were	described	as	“altruistic,”	i.e.	they	
perceived	their	future	careers	as	means	to	help	others,	for	instance	through	medicine	and	
nursing,	 while	 the	 most	 successful	 and	 positively	 recognized	 group	 of	 students	 were	
interested	in	science	for	the	pure	enjoyment	of	it.	Recognition	by	significant	others	in	the	






and	 Johnson	 (2007).	 The	 ethnic	minority	 university	 women	 in	 Ong’s	 study	manipulated	
their	 physical	 appearances	 in	 order	 to	manage	within	 a	 physics	 science	 community	 and	
project	the	appearance	of	competence.	They	did	so	primarily	through	two	main	strategies.	
They	 either	 “fragmented”	 aspects	 of	 their	 gendered,	 ethnic	 and	 scientist	 identities	 by	
playing	down	or	minimizing	them	in	order	to	“pass”	and	be	accepted	or	seen	positively	in	
the	 White,	 male	 science	 community,	 for	 e.g.	 wearing	 pants	 instead	 of	 skirts	 and	 acting	
masculine	 and	 competitive	 instead	 of	 feminine	 and	 collaborative.	 Conversely,	 others	




Malone	 and	 Barabino	 (2009)	 explored	 issues	 of	 ethnic	minority	 graduate	 science	
students	regarding	the	students’	identity	construction	or	of	their	being	ascribed	an	identity	
as	 “the	 only	 one.”	 The	 ethnic	 minority	 graduate	 students	 failed	 to	 develop	 identities	 in	
which	 they	satisfactorily	blended	their	ethnic,	gender	and	science	 identities	and,	as	such,	
commonly	 struggled	 against	 feelings	 of	 invisibility	 or	 lack	 of	 recognition,	 exclusion	 and	
racialization	or	reading	race	in	social	situations.	
Chinn	 (2002)	 utilized	 a	 narrative	methodology	 in	 order	 to	 explore	 the	 process	 of	







In	 a	 study	 exemplifying	 the	 additive	 effects	 of	 background	 and	 contextual	 factors,	
O’Brien	 et	 al.	 (1999)	 examined	 the	 relationships	 amongst	math	 and	 science	 self‐efficacy,	
gender,	 ethnic	 identity,	 socioeconomic	 status	 and	 interests	 in	 science	 and	 engineering	
careers	 amongst	 ethnically	 diverse,	 urban	 high	 school	 students.	 Specifically,	 they	
hypothesized	that	gender	and	ethnic	identity	impacted	STEM	career	interests	by	affecting	
science	and	mathematics	self‐efficacy.	They	also	explored	the	effect,	if	any,	of	family	income	




identities	were	 correlated	with	 higher	 levels	 of	 science	 and	math	 self‐efficacy,	 and,	 thus	
indirectly	 influential	on	 interest	 in	science	careers.	Finally,	 income	 level	was	significantly	
predictive	 of	 Preliminary	 Scholastic	 Assessment	 Test	 (PSAT)	 scores,	 a	marker	 of	 college	
readiness.	PSAT	scores	were,	 in	turn,	significantly	predictive	of	self‐efficacy.	Although	not	
explicitly	 stated	 in	 this	 study,	 past	 research	 has	 shown	 that	 higher	 income	 levels	 are	
correlated	with	higher	standardized	test	scores	(Brooks‐Gunn	&	Duncan,	1997).	
Science	education	can	 therefore	be	challenging	or	deficient	 for	 low‐income,	ethnic	
minority	students,	particularly	due	to	the	combination	of	multiple	educational,	background	
and	contextual	factors,	such	as	quality	and	form	of	science	instruction	in	school,	availability	







Russell	 and	 Atwater	 (2005)	 examined	 the	 factors	 that	 influenced	 persistence	 and	
perseverance	 of	 African	 American	 students	 from	 high	 school	 to	 college	 in	 the	 STEM	
pipeline	 at	 a	 predominantly	 White	 institution	 (PWI).	 The	 most	 critical	 factor	 of	 the	
students’	 persistence	 was	 their	 high	 school	 experiences	 in	 advanced	 math	 and	 science	
courses	 in	high	 school	 and	 their	 enrolment	 in	 a	 college	preparatory	program.	Additional	
experiences	 as	 early	 as	 elementary	 school	 included	 science	 fairs	 and	 extra‐curricular	
science	programs.	
Fadigan	 and	 Hammrich	 (2004)	 examined	 the	 educational	 trajectories	 of	 low‐
income,	 ethnic	 minority,	 urban	 girls	 from	 single‐parent	 families	 who	 participated	 in	 a	
Women	in	Natural	Sciences	(WINS)	program	during	high	school.	The	girls	began	with	high	
interests	 in	 science	 and	 maintained	 these	 interests	 through	 the	 end	 of	 the	 program.	
Positive	 program	 features	 attributed	 to	 the	 girls’	 persistence	 in	 science	 included	 the	
academic	 material	 and	 job	 skills	 learned,	 the	 information	 learned	 about	 college,	
experiences	in	a	hands‐on,	interactive	learning	environment	and	social	support.	
In	 another	 low‐income,	 ethnic	 minority	 and	 immigrant	 setting,	 Buxton,	 Lee	 and	
Santau	(2008)	reported	on	a	university‐school	partnership	that	spanned	nine	elementary	




minority	 students.	 Central	 to	 the	 educational	 intervention	 were	 the	 year‐long	 teacher	
workshops	 and	 curriculum	materials	 provided	 for	 students	 and	 teachers,	 all	 designed	 to	
complement	and	reinforce	each	other,	and	to	improve	the	teachers’	knowledge,	beliefs	and	
practices	in	science	instruction	and	to	support	English	language	learning	and	development	
amongst	 the	 students	 while	 learning	 science,	 rather	 than	 as	 a	 disconnected	 educational	
endeavor.	 Additional	 goals	 included	 “…supporting	 teachers’	 and	 students	 ‘mathematical	
understanding;	 improving	 teachers’	 and	 students’	 scientific	 reasoning;	 capitalizing	 on	
students’	 home	 language	 and	 culture;	 and	 preparing	 students	 for	 high‐stakes	 science	
testing	and	accountability	through	hands‐on,	inquiry‐based	learning	experiences”	(Buxton,	
Lee	&	Santau,	p.	500).	Essentially,	the	curriculum	units	and	workshops	assisted	and	guided	
the	 teachers	 in	 designing	 classes	 with	 varying	 degrees	 of	 inquiry‐based	 learning	 and	 in	
making	 the	 links	 from	 the	 classwork	 and	 activities	 in	 order	 to	 ensure	 student	
understanding	of	key	science	concepts.	Additionally,	 the	curriculum	guides	and	materials	
allowed	 teachers	 to	 incorporate	 English	 language	 and	 literacy	 development	 educational	
strategies,	as	well	as	 incorporate	mathematics	 in	teaching.	Finally,	relevant	science	terms	
in	the	students’	predominant	first	languages,	namely	Spanish	and	Haitian	Creole,	were	used	




Institutional	 support	 at	 any	 level	 of	 education	 is	 important.	 Barlow	 and	 Villarejo	




successful	 and	 important	 in	 increasing	 the	 students’	 odds	 of	 both	 graduating	 with	 a	
biological	 science	major	 and	 graduating	with	 a	 >3.0	GPA	 in	 biology	were	 undergraduate	
research	 experiences.	 Additionally	 academic,	 financial	 and	 relational	 support	 from	 the	
program	 was	 also	 significant,	 despite	 high	 school	 GPA	 being	 most	 predictive	 of	 degree	
attainment.	
Finally,	 Ryken	 (2006)	 examined	 the	 impact	 on	 ethnic	 minority,	 first	 generation	
college	 students’	 career	 decision‐making	 processes	 as	 a	 result	 of	 a	 career	 and	 technical	
education	 offering	 through	 a	 community	 college‐STEM	 industry	 partnership.	 The	 author	







low‐income,	ethnic	minority	 science	students	can	be	unsuccessful.	 Lee	and	Luykx	 (2007)	
reported	on	an	elementary	school	teacher	professional	development	experience,	for	forty‐
three	third‐	and	fourth‐grade	teachers	from	six	schools,	aimed	at	supporting	the	teachers	
incorporate	 ethnic	 minority	 students’	 home	 languages	 and	 cultures	 into	 their	 science	
classes	 in	 order	 to	 simultaneously	 support	 science	 and	 English	 language/literacy	
education.	 Results	 indicated	 that	 (i)	 teachers	 acknowledged	 the	 importance	 of	
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incorporating	 the	 students’	 home	 language	 into	 science	 instruction;	 however,	 they	were	
more	 unsure	 of	 their	 own	 knowledge	 regarding	 how	 to	 do	 so;	 (ii)	 teachers	 viewed	 the	
students’	home	culture	as	deficient	in	prior	science	knowledge,	inquiry	skills	and	habits	of	
mind	 necessary	 for	 science	 and	 as	 something	 to	 be	 overcome	 and	 they	 were	 similarly	
unsure	of	their	knowledge	or	preparation	to	overcome	culture	in	science	instruction;	and	
(iii)	 teachers	 believed	 that	 low‐income	 students	 lacked	 certain	 science	 experiences	 and	
materials	 to	which	middle	 class	 students	had	access.	 In	 terms	of	 teacher	practices,	 there	
was	 no	 significant	 increase	 in	 teachers’	 incorporation	 of	 their	 students’	 home	 languages	
into	science	instruction.	Rather,	the	number	of	teachers	who	did	not	incorporate	students’	
home	 language	 at	 all	 increased	 over	 the	 course	 of	 two	 years.	 Similarly,	 there	 was	 no	
significant	 increase	 in	 teachers’	 inclusion	 of	 diverse	 cultural	 practices	 in	 science	
instruction.	
Research	Problem	Revisited:		
From	 the	 literature	 on	 STEM	 education	 reviewed	 above,	 the	 specific	 research	
problem	of	focus	in	this	study	is	that	there	is	a	need	to	increase	the	number	of	interested	
and	 competent	 low‐income,	 ethnic	 minority	 students	 in	 science	 in	 equitable	 and	














competent	 low‐income,	ethnic	minority	students	 in	science	 in	equitable	and	empowering	
ways.	 In	 addressing	 this	 research	 problem,	 one	 must	 consider	 a	 number	 of	 factors	
including	“border‐crossing,”	that	is	the	gap	which	must	be	bridged	between	the	culture	of	
science	 and	 a	 student’s	 customary	 culture	 at	 home	 and	 within	 their	 other	 local	
communities,	 and	 that	 it	 is	 oftentimes	 more	 difficult	 for	 low‐income,	 ethnic	 minority	
students	 to	 “border‐cross”	 than	dominant	 students,	namely	middle‐	 to	upper‐class	White	
students	(Aikenhead,	1996).	From	a	similar	cultural	perspective,	Barton	and	Yang	(Barton	
&	Yang,	2000)	argued	that	how	low‐income,	ethnic	minority	students	approach	and	engage	
with	 science	 is	 often	 misunderstood	 and	 overlooked.	 Tate	 (2001)	 has	 argued	 that	 low‐
income,	ethnic	minority	students	are	disadvantaged	in	science	education	in	urban	schools	
due	 to	 limited	 time	 for	 science	 instruction	 due	 to	 the	 current	 pressures	 of	 high‐stakes	
testing,	 tracking	 and	 purposeful	 discouragement	 of	 these	 students	 away	 from	 high‐level	
science	 courses,	 a	 lack	 of	 highly	 qualified	 science	 teachers	 and	 inadequate	 access	 to	




(Ladson‐Billings,	 1994)	 perspective,	 Lynn	 (1999)	 argued	 that	 traditional	 American	
educational	 systems	have	not	been	designed	 to	best	meet	 the	needs	of	African	American	
and	other	non‐dominant,	ethnic	minority	students.	
From	 these	 perspectives,	 the	 low	 numbers	 of	 interested	 and	 competent	 science	
students	of	low‐income,	ethnic	minority	backgrounds	becomes	an	issue	of	culture	and	not	
one	of	 capability.	 In	other	words,	 low‐income,	ethnic	minority	 students	 face	a	number	of	
significant	 barriers	 to	 successful	 participation	 in	 science	 as	 a	 result	 of	 difficulties	 in	
engaging	in	science	learning	environments,	particularly	in	formal	school	settings.	As	such,	
in	naming	the	research	problem	more	specifically,	I	will	state	it	as	follows:	
There	 is	a	dearth	of	educational	structures	and	strategies	 that	can	 increase	
the	 number	 of	 interested	 and	 competent	 low‐income,	 ethnic	 minority	
students	in	science	in	equitable	and	empowering	ways.	
The	Role	of	Identity	Research	in	Science	Education	
Research	 in	 identity	 development	 and	 student	 interest	 has	 helped	 in	 answering	 a	
number	 of	 questions	 relevant	 to	 the	 research	 problem	 of	 insufficient	 equitable	 and	
empowering	 educational	 structures	 and	 strategies	 that	 can	 support	 low‐income,	 ethnic	
minority	 students	 in	 learning	 science.	 Such	 answers	 include	 insight	 into	 when	 and	why	
students	 choose	 to	 engage	 in	 an	 activity	 (Barton,	 1998);	 what	 students	 gain	 from	
participation	 (Barton	 &	 Tan,	 2010;	 Furman	 &	 Barton,	 2006);	 and	 conflicts	 and	 tensions	




utilized	 in	 examining	 low‐income	 ethnic	 minority	 students’	 participation,	 interest	 and	
career	 development	 in	 science.	 Furthermore,	 identities	 are	 developed	 in	 relation	 to	
practices.	When	a	person	develops	an	identity,	she	is	interpreted	as	being	a	certain	kind	of	
person	 as	 a	 result	 of	 performing	 certain	 behaviors	 that	 are	 recognizable	 by	 others	 in	 a	







world”	 (Holland,	 Lachicotte	 Jr.,	 Skinner,	 &	 Cain,	 2003)	 in	 which	 students	 take	 up	 and	
experiment	 with	 different	 identities	 including	 that	 of	 a	 scientist.	 Science	 as	 a	 practice,	
discourse	 or	 community	 involves	 specific	 knowledge,	 skills	 and	 know‐how;	 but	
participation	 in	 a	 scientific	practice	 also	 involves	 feelings	of	 inclusion	and	belonging	and	
belief	in	the	value	of	the	scientific	activities.		
Being	drawn	to	or	choosing	to	engage	in	science	is	a	decision	amongst	many	lifelong	
decisions,	 that	 are	more	 or	 less	 deliberate,	 that	 one	makes	 in	 taking	 up	 a	 social	 identity	
which	will	 communicate	who	 she	 is	 and	wishes	 to	 be.	 For	 instance,	 in	 performing	 one’s	







Participation	 in	 a	 science	 practice	 can	 be	 a	 means	 for	 one’s	 holistic	 identity	
development	 (Kozoll	 &	 Osborne,	 2004).	 As	 argued	 earlier,	 science	 is	 a	 community	 of	
practice	and	more	 than	a	body	of	 facts.	 It	 is	a	 set	of	practices;	but,	 science	 is	and	can	be	
more	 than	 a	 set	 of	 practices	 providing	 an	 educational	 internship	 for	 budding	 scientists,	
doctors,	pharmacists	and	engineers	or	for	those	who	just	enjoy	science	or	see	themselves	
as	 science	 people.	 As	 the	 means	 for	 individuals’	 exploration	 of	 self	 as	 they	 develop	
holistically	and	find	their	place	 in	the	world,	science	might	support	the	pursuit	of	a	high‐
paying	 STEM	 career	 to	 escape	 urban	 poverty	 or	 a	 career	 in	medicine	 because	 one	 sees	
doctors	 and	 nurses	 as	 caretakers;	 however,	 it	 can	 also	 provide	 a	 medium	 for	 social	
connections,	as	one	works	in	groups	for	projects	and	sharing	findings;	provide	an	academic	




within	 a	 broader	 context	 in	 society.	 Furthermore,	 the	 multitude	 of	 individual	 purposes	
from	which	people	can	derive	use	in	science	are	not	all	entertained	in	in‐	and	out‐of‐school	
science	spaces	(Kozoll	&	Osborne,	2004).	Additionally,	some	discourses	are	more	naturally	
aligned	with	 the	 discourse	 of	 science	 as	 taught	 in	 American	 school	 systems	 (Aikenhead,	




biology	 and	 epidemiology	 taught	 in	 American	 public	 schools.	 One’s	 position	 in	 different	





solely,	 on	 evidence	 and	 the	 validity,	 consistency	 and	 coherence	 of	 arguments	 based	 on	
evidence	 (National	Academies	Press,	 2007b).	 Science	was	 said	 to	not	 be	 an	 accumulated	
body	of	“facts,”	but	rather	those	“facts”	are	empirically‐determined,	reliable	information	on	
which	to	build	future	theories	and	models.	Furthermore,	those	“facts”	are	not	definitive,	but	
rather	 highly	 plausible	 as	 determined	 by	 rigorous	 testing	 and	 continue	 to	 be	 modified	
based	on	future	scientific	inquiry.	
The	scientific	method,	is	still	not	an	unchanging,	step‐by‐step	procedure.	It	involves	




linking	 data	 and	 evidence	 to	 theories;	 and	 developing	 theories,	 hypotheses	 and	 models	
must	 be	 critiqued	 by	 peers	 and	 the	 researchers	 themselves	 to	 ensure	 validity	 and	
consistency.	















Overall,	 science	 is	 defined	 as	 a	 process	 of	 logical	 reasoning	 about	 evidence;	 a	
process	 of	 theory	 change;	 and	 as	 a	 process	 of	 participation	 in	 the	 culture	 of	 scientific	
practices	 (National	 Academies	 Press,	 2007b).	 In	 this	 study,	 I	 focus	 on	 science	 as	 this	













people	 use	 to	 cue	 their	 desired	 identities	 are	 referred	 to	 as	 genres	 of	 discourse	 (Brown,	
2004;	 Brown,	 et	 al.,	 2005).	 A	 predominant	 genre	 of	 discourse	 used	 to	 communicate	
community	 membership	 is	 language.	 Others	 include	 content	 knowledge,	 dress,	 bodily	
gestures,	communal	practices,	assumptions	and	beliefs.		
Discursive	 identity	 development	 permits	 individuals	 the	 use	 of	 agency	 (Brown,	
2004).	 In	 other	 words,	 people	 can	 more	 or	 less	 deliberately	 make	 decisions	 regarding	
performing	 the	 activities	 of	 a	 community	 and,	 thus,	 being	 identified	 as	 a	 member.	 For	
example,	in	Brown’s	examination	of	discursive	identity	formation	amongst	ethnic	minority	
science	students,	he	uncovered	four	domains	of	student	discursive	identities	in	the	science	
classroom.	 These	 included	 an	 “opposition	 status”	 in	 which	 students	 avoided	 the	 use	 of	
science	discourse	by,	for	instance,	avoiding	or	refusing	to	use	scientific	and	technical	terms	
when	speaking	or	explaining,	instead	allowing	others	to	do	so	or	denying	their	knowledge	
or	understanding	of	 a	 science	question	or	problem;	and	a	 “maintenance	 status”	 in	which	
students	 transiently	 employed	 science	 discourse	 and,	 instead,	 returned	 to	 non‐science	
discourses,	genres	and	speech	patterns	 in	order	to	maintain	another	cultural	 identity.	An	








not	 as	 yet	 natural	 in	 these	 areas;	 and,	 finally,	 “proficiency	 status”	 included	 incidents	 in	
which	the	students	were	able	to	naturally,	comfortably	and	accurately	engage	in	a	science	
discourse	extensively	in	their	everyday	classroom	activities.		
To	 ground	 some	 of	 the	 above	 in	 student	 action,	 an	 example	 of	 a	 student’s	 use	 of	
agency	 in	 developing	 a	 discursive	 identity	 in	 relation	 to	 this	 science	 classroom	was	 one	
student’s	 choice	 to	 demonstrate	 his	 knowledge	 and	 competence	 via	 a	 common	 scientific	
practice	of	collaboration	when	requested	by	the	teacher,	the	authority	figure,	versus	when	
requested	 by	 a	 peer.	 This	 student	 enacted	 a	maintenance	 science	 discourse	 status	 as	 he	
was	capable	of	assisting	another	group	member,	but	chose	to	do	so	for	short	period	time	
and	only	when	asked	by	 the	 teacher.	Another	example	were	 the	choices	several	students	
made	in	order	to	resolve	conflicts	experienced	in	bringing	together	their	language	patterns	









whichever	 discourse	 they	 chose	 or	 had	 available	 to	 them,	 communicated	 many	 times	
through	language,	was	their	“discursive	identities”	(Brown,	et	al.,	2005).		
Identities‐in‐Practice	
Similar	 to	 Brown	 (2004),	 Tan	 and	 Barton	 (2008b)	 developed	 the	 concept	 of	
“identities‐in‐practice”	 to	 explain	 students’	 use	 of	 various	 social	 cues	 in	 order	 to	 be	
interpreted	as	certain	kinds	of	people	in	relation	to	a	practice,	such	as	a	science	classroom.	
Tan	 and	Barton	 acknowledge	 the	 existence	 of	 an	 official	 hierarchical	 power	 structure	 in	
science	 classrooms	 that	 defines	 some	 forms	 of	 behavior,	 interactions,	 and	 social	 cues	 as	
more	legitimate	and	recognizable	in	the	science	classroom.		Power	is	an	important	issue	to	
consider	in	combining	or	competing	subcultures	associated	with	membership	in	different	
practices	 as	 those	 aligned	 with	 existing	 recognizable	 behaviors	 are	 afforded	 more	
legitimacy,	 while	 those	 that	 are	 least	 recognizable	 are	 at	 the	 highest	 risk	 of	 being	
marginalized	(Barton,	Tan,	&	Rivet,	2008).	For	instance,	the	science	teacher	is	an	important	
authority	 figure	 and	 gatekeeper	 to	 success	 in	 science	 as	 she	 assigns	 tasks	 and	 rates	 the	
quality	of	one’s	work.	Additionally,	some	students	can	be	recognized	by	their	peers	as	the	
“good	 science	 students”	 based	 on	 their	 disciplined	 behavior	 in	 the	 classroom	 and	 their	
diligence	with	their	schoolwork.		
Although	Tan	 and	Barton	 (2008b)	 acknowledge	 that	 as	 students	 enter	 a	 practice,	
they	encounter	an	existing	power	structure	that	makes	available	to	them	certain	options	in	











Students	 are	 said	 to	 negotiate	 with	 the	 official	 hierarchical	 power	 structure	 in	
science	 classrooms	 in	 developing	 their	 “identities‐in‐practice.”	 They	 do	 this	 by	 making	
decisions	regarding	how	they	 interact	with	other	powerful	members,	how	they	approach	
and	 handle	 assigned	 science	 tasks,	 and	 what	 they	 choose	 to	 ask	 or	 say	 in	 the	 science	
classroom.		
Furthermore,	the	concept	focuses	on	“identities‐in‐practice”	as	opposed	to	“identity‐
in‐practice”	 as	 students	 have	multiple	 repertoires	 available	 for	 social	 interpretation	 and	
choose	to	forefront	or	deny	these	as	students	enter	and	exit	different	practices,	for	e.g.	the	
science	 classroom,	 the	 basketball	 court,	 or	 an	 after‐school	 community	 center	 program.	
Additionally,	 these	 identities‐in‐practice	 are	dynamic	within	 individual	 practices,	 as	well.	
For	 instance,	 the	 cues	 available	 in	 a	 whole	 class	 discussion	 might	 be	 different	 when	 a	
student	operates	within	a	small	group,	a	pair,	or	works	individually.	
In	 their	 study	 of	 identities‐in‐practice,	 Barton,	 Tan	 and	 Rivet	 (2008)	 uncovered	
multiple	strategies	that	middle	school	girls	engaged	as	they	participated	in	science.	These	
strategies	 enabled	 them	 to	 contribute	 productively	 to	 the	 practice,	 in	 terms	 of	
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accomplishing	 the	 tasks	 of	 the	 science	 classroom.	 They	 highlighted	 three	 in	 their	 paper.	
First	was	 the	practice	of	 creating	 “signature	science	artifacts”	 that	 supported	 the	 science	
activity	 and	 cued	participation	 in	 science.	 Importantly,	 however,	 these	 also	 incorporated	
other	 aspects	 of	 their	 holistic	 repertoires	 available	 from	membership	 in	 other	 practices.	
For	example,	one	girl	composed	an	original	song	about	the	skeletal	system	as	a	mnemonic	
device	 to	 help	 her	 remember	 the	 bones	 in	 the	 human	 body.	 This	 brought	 together	 her	
participation	in	science	and	her	participation	in	practices	of	music	and	singing.	Another	girl	
created	a	 “3D‐sculpture”	of	 a	 rabbit	 in	 the	 form	of	 a	magnet	 as	a	 supportive	educational	
resource	 to	 her	 poster	 presentation	 on	 an	 animal	 she	 researched.	 This	 allowed	 her	 to	
combine	her	long‐term	participation	in	art	with	her	present	task	in	science.		
Another	practice	employed	by	the	girls	was	the	development	of	novel	identities	with	














was	 still	 better	 appreciated	 than	 simply	 shouting	 out	 disruptively.	 Her	 teacher	 also	





recognition	 and	 legitimacy	 in	 terms	 of	 doing	 “good	 science”	 schoolwork.	 Over	 time,	 the	
girls	negotiated	with	the	cues	and	routines	available	to	them,	for	e.g.	codes	of	behavior	and	
discipline,	 assignments	 of	 poster	 presentations,	 learning	 science	 content	 for	 a	 test,	 and	
asking	and	answering	questions.	 In	negotiating	with	 the	cues	and	routines,	 the	girls	 took	
these	up	and	performed	them	as	expected,	combined	them	with	cues	and	routines	that	they	
were	already	familiar	with	or	which	they	better	preferred,	or	rejected	them	completely	for	
alternative	 signals.	 The	 official	 authority	 in	 the	 classroom,	 the	 science	 teacher,	






structures	 in	 students’	 engagement	 in	 the	 science	 classroom	 and,	 therefore,	 in	 their	
opportunity	 to	 learn	 science,	 Furman	 and	 Barton	 (2006)	 further	 discuss	 the	 concept	 of	
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“voice.”	 “Voice”	 was	 comprised	 of	 the	 choices	 students	 made,	 what	 they	 said,	 did	 and	
aspired	 to,	when	engaged	 in	 science	 communities	or	practices.	 Furthermore,	 “voice”	was	




urban	 community,	 involved	 in	 an	 afterschool	 science	 program,	 used	 “voice”	 to	 author	
identities‐in‐practice	 that	were	 important	 to	 them	 in	 terms	 of	 how	 they	 saw	 themselves	
and	wanted	to	be	perceived	by	others.	While	in	the	science	community,	the	boys	made	use	
of	 resources	 available	 in	 that	 science	 community	 of	 practice	 to	 author	 identities	 that	
communicated	what	 they	aspired	 to	be.	These	resources	 included	going	 to	 field	 trips,	 for	
instance,	 the	zoo	 in	order	 to	 learn	more	about	animals	and	show	others	what	 they	knew	
about	the	animals,	as	well	as	accessing	the	video	equipment	and	technology	to	demonstrate	
their	 skill	 in	 making	 the	 videos.	 By	 performing	 certain	 tasks	 and	 behaviors	 in	 the	
afterschool	 science	 program,	 for	 e.g.	 creating	 a	 funny,	 but	 informative	 and	 scientifically	
accurate,	 video	 about	 animals	 at	 the	 zoo,	 the	 boys	were	 able	 to	 be	 interpreted	 by	 their	
peers	 and	 instructors	 as	 they	 had	 desired.	 Specifically,	 they	wished	 to	 be	 recognized	 as	
knowledgeable	in	science,	skilled	in	using	the	technology	and	as	funny	and	popular	to	their	
peers.	 They	 negotiated	 the	 pre‐existing	 science	 tasks	 and	 resources	with	 their	 decision‐
making	in	accomplishing	the	tasks	to	be	identified	as	knowledgeable,	skilled	and	popular.		




Science	 Expert	 (CSE)	 identities	 in	 order	 to	 also	 be	 seen	 as	 knowledgeable	 and	 to	 make	
science	accessible	to	all	community	members	in	and	out	of	school.	As	in	the	previous	cases,	
students	 made	 use	 of	 resources	 and	 negotiated	 the	 pre‐existing	 structures	 in	 order	 to	
communicate	who	they	are	and	who	they	want	to	be	as	opposed	to	dominant	expectations	
of	 them	 (Elmesky,	 2005).	 The	 students	 collectively	 authored	 novel	 identities	within	 and	
through	science,	using	science	as	“both	as	a	context	and	as	a	tool”	(Barton	and	Tan,	2010,	p.	
195),	and	through	this	process	they	solidified	their	positions	as	knowledgeable	in	science,	
came	 to	 understand	 core	 scientific	 concepts	 and	 produced	 cultural	 artifacts	 by	 doing	
science,	 for	 example	 through	 data	 collection	 and	 analysis,	 interviews	 of	 community	
members	and	the	production	of	a	mini‐documentary	on	urban	heat	 islands.	The	students	
also	critiqued	 the	process	of	 science,	 for	 instance	 its	elitist	or	alienating	nature,	 science’s	
language	being	dense	and	 complex	and	 science	 content	being	abstract.	By	authoring	and	
enacting	a	CSE	 identity	as	 they	were	engaged	with	and	used	science,	 the	students	gained	
significant	entry	into	and	changed	the	science	community	as	they	enacted	the	practices	of	
an	expert	by	mastering	 the	 technologies	of	 the	project,	 conducting	scientific	experiments	
and	sharing	 their	knowledge	of	 the	scientific	phenomenon,	urban	heat	 island	effect,	with	
community	members,	expanded	 these	perspectives	by	 including	valid	 insider	knowledge,	
such	as	personal	 accounts	of	 the	phenomenon	and	by	 incorporating	youth	 identities	and	
discourses	such	as	music,	drama,	slang	and	certain	types	of	animation.	
Tan	and	Barton’s	(2008a)	concept	of	 identities‐in‐practice	concept	of	 identities‐in‐
practice	 focused	 on	 students	 working	 within	 pre‐existing	 structures	 equipped	 with	





The	 theoretical	 perspectives	 reviewed,	 i.e.	 Brown	 (2004)	 and	 Barton	 (2008b),	




role	 she	 plays	 or	 identity	 she	 develops	 through	 the	 use	 of	 agency	 within	 a	 pre‐existing	
structure,	 i.e.	within	 the	 limits	 of	 the	 behaviors	 and	 social	 cues	 to	which	 she	 has	 access.	
Finally,	an	individual	can	bring	new	cultural	forms	and	signals	to	the	present	practice	as	a	
result	of	membership	and	familiarity	with	other	practices.		
A	 student	 can	 therefore	 develop	 a	 science	 identity	 within	 a	 specific	 scientific	




to	 accomplish	 the	 tasks	 and	 use	 the	 tools	 from	 them	 and,	 as	 such,	 they	 must	 come	 to	
recognize	 the	student’s	work,	developing	or	 final,	as	appropriate.	Furthermore,	a	student	
can	 do	 the	 tasks	 and	 make	 use	 of	 the	 tools	 in	 traditional	 ways,	 as	 modeled	 by	 already	
established	members	of	 the	practice,	 or	 in	novel	ways	by	making	use	of	 other	behaviors	
and	 cues	 brought	 with	 them	 from	 other	 practices.	 Importantly,	 the	 science	 identity	 is	









participation	 in	 the	 science	 activities;	 (ii)	 a	 positive	 affect	 and	 enjoyment	 of	 the	 science	
activities;	 (iii)	 demonstrated	 competence	 and	 proficiency	 with	 the	 scientific	 tools,	 for	
example	 the	 technology,	 language	and	content	knowledge;	and	 (iv)	development	of	 long‐
term	STEM	career	plans.		
Specific	Research	Question:	
Based	 on	 the	 definition	 of	 identity	 and	 science	 identity	 negotiation,	 the	 following	
research	question	will	be	pursued:	
By	examining	various	genres	of	discourse,	with	a	particular	focus	on	language,	
what	 kinds	 of	 identities	 do	 students	 negotiate	 with	 respect	 to	 a	 specific	
science	practice?	
This	research	question	will	allow	me	to	examine	the	ways	in	which	students	develop	
science	 identities	 by	 negotiating	 their	 student	 agency	 and	 the	 available	 behaviors	 and	
social	 cues	within	 a	 science	 practice,	 namely	 an	 informal	 science	 educational	 setting.	 Of	
additional	interest	are	the	specific	factors	or	design	features	of	that	informal	science	setting	
that	may	or	may	not	be	supportive	of	science	identity	negotiation.	Finally,	simply	doing	the	










b. What	 factors	 available	 within	 a	 science	 practice	 supported	 the	
negotiation	of	student	science	identities?	
c. What	 science	 identities	 did	 the	 students	 negotiate	 in	 order	 to	 be	
identified	as	considering	science	and	STEM	careers	in	the	long	term?	









individual	 traits	 and	 background	 factors	 are	 significant	 in	 influencing	 students’	
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participation	 in	 science.	 How	 students	 seek	 to	 perform	 or	 forefront	 these	 aspects	 of	
themselves	 will	 have	 an	 impact	 on	 the	 behaviors	 and	 social	 cues	 they	 enact	 as	 they	
participate	in	science.	
In	 Barton’s	 (1998)	 study,	 students’	 lived	 cultural	 experiences	 as	 a	 result	 of	
homelessness	 and	 low	 socioeconomic	 status	 shaped	 how	 they	 participated	 in	 an	 after‐
school	science	practice.	Barton	argued	that	in	order	for	all	students	to	engage	in	science	in	
genuine,	meaningful	ways	that	educators	have	to	acknowledge	and	build	from	the	diverse	
ways	 of	 knowing	 and	 lived	 experiences	 of	 the	 youth	 with	 whom	 they	 work.	 Through	
conversations,	the	students	expressed	dissatisfaction	and	negative	reactions	to	the	city	 in	
which	they	lived.	They	found	it	dirty	and	polluted.	These	lived	experiences	of	the	students	
made	 entry	 into	 a	 science	 discourse	 around	 pollution	 a	 relevant	 and	 significant	
undertaking	possible.	Barton	took	detailed	notes	of	the	students’	issues	and	constructed	a	
data	table	of	complaints,	as	well	as	a	column	for	people’s	feelings	and	reactions.	After	the	
students	 filled	 out	 as	much	 as	 they	 could,	 they	 then	 interviewed	 people	 throughout	 the	
neighborhood	 to	 learn	 more	 about	 what	 others	 thought	 about	 pollution.	 This	 project	
expanded	 into	 an	 8‐week	 endeavor	 and,	 from	 the	 research	 findings,	 culminated	 in	 the	
development	 and	 implementation	 of	 a	 neighborhood	 clean‐up	 plan,	 the	 planting	 of	
vegetables	and	flowers	and	recycling	programs.	
In	other	cases,	socioeconomic	status,	as	well	as	intercultural	fighting	and	the	desire	
for	 freedom,	were	 the	motivations	underlying	young	women’s	agency	 in	entering	science	
practices	(A.	Johnson,	Brown,	Carlone,	&	Cuevas,	2011).	In	case	studies	of	three	women	of	
color,	 an	 American	 Indian,	 a	 Black	 and	 a	 Latina	woman,	 the	women	 authored	 identities	
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with	 respect	 to	 science	 either	 because	 there	 were	 no	 other	 desirable	 identities	 or	 as	 a	
matter	of	urgency.	For	instance,	intense	intercultural	fighting	that	took	place	at	the	middle	
and	high	schools	in	the	American	woman’s	neighborhood	encouraged	her	to	escape	to	the	
college	environment	after	school	and	to	enroll	 in	a	Biology	program.	 In	another	case,	 the	
Black	woman	was	told	from	an	early	age	that	she	will	be	a	medical	doctor	in	the	future.	Her	




encouraged	 by	 her	 mother,	 had	 enrolled	 in	 enrichment	 programs	 at	 her	 school	 as	
preparation	for	her	high	career	aspirations	as	an	attempt	to	escape	urban	poverty	already	
common	as	a	result	of	her	single‐parent,	inner‐city	Latina	upbringing.	
In	 authoring	 their	 science	 identities	 over	 the	 years,	 the	 women	 encountered	
significant	 conflicts,	 as	 well	 (A.	 Johnson,	 et	 al.,	 2011).	 Some	 of	 these	 were	 complex,	 yet	
could	 have	 easily	 gone	 unnoticed.	 For	 instance,	 the	 American	 Indian	 woman	 graduated	
high	 school	 and	 was	 then	 enrolled	 in	 an	 undergraduate	 microbiology	 program.	 At	 one	
point,	 she	 was	 forced	 to	 decide	 between	 dissecting	 a	 frog	 in	 Biology	 class	 in	 order	 to	
continue	her	microbiology	major	and	going	against	her	American	 Indian	religious	beliefs	
that	did	not	permit	dissections,	particularly	when	pregnant,	which	she	was	at	the	time.	In	
the	other	cases,	 the	Black	woman	was	afraid	 that	doing	well	 in	 science	would	negatively	
impact	her	hip,	Black	woman	identity	amongst	her	peers	and	the	Latina	chose	to	opt	out	of	
AP	 science	 classes	 during	 her	 senior	 and	 instead	 pursued	 student	 council	 which	 was	




to	 “learn	 about	 [their]	 story,	 too…”.	 The	 woman	 experienced	 conflicts	 between	
participating	 in	 science	 communities	 while	 simultaneously	 occupying	 places	 in	 an	
American	 Indian	 religious	 community,	 a	 Black	 social	 circle	 and	 a	 Latina	 student	 activist	
community.	
Eisenhart	and	Edwards	(2004)	uncovered	similar	patterns	of	active	and	purposeful	
student	 authoring	 of	 identities	 through	 agency	 in	 participation	 in	 science	 activities	
amongst	low‐income,	urban	high	school	girls.	Eisenhart	and	Edwards	investigated	an	after‐
school	 intervention	 intended	 to	 increase	 urban,	 African‐American	 middle	 school	 girls’	
interest	and	participation	in	computer	technology	and	science.	What	they	found	was	that	
the	girls’	motivation	to	learn	and	grow	with	respect	to	technology	was	sustained	over	time	
when	 they	 “appropriated”	 the	 technology,	 i.e.	when	 they	 engaged	with	 the	 technology	 in	
order	to	 leverage	it	 in	personally	meaningful	or	unique	ways,	most	often	as	extensions	of	
their	 gendered	 and	 ethnic	 identities.	 For	 instance,	 the	 girls	 learned	 to	 use	 the	 computer	
technology	in	order	to	create	business	cards	onto	which	they	transposed	an	altered	image	
of	 a	 Black	 Betty	 Boop	 icon,	 surrounded	 the	 Betty	 Boop	 icon	 with	 hearts	 or	 adapted	 a	
dragon	icon	from	a	famous	Black	hip	hop	artist’s	website.	Additional	technology	tasks	that	
the	 girls	 accomplished	 included	using	 the	 internet	 to	 obtain	 the	 phone	 numbers	 of	 boys	
they	wanted	to	contact,	using	the	word	processing	software	to	make	Valentine’s	Day	cards	
for	 boys,	 using	 the	 technology	 to	 scan,	 size	 and	 transfer	 pictures	 onto	 T‐shirts	 for	
themselves	or	 for	 gifts	 for	 others,	 being	 “inventors,”	 for	 instance	designing	 temperature‐




topics	 such	 as	 famous	 Black	women,	 sexual	 reproduction,	 babies,	 parts	 of	 the	 body	 and	
body	size.	The	positive	effects	of	“appropriation”	in	enhancing	students’	motivation	to	learn	
science	 was	 also	 detected	 in	 an	 informal	 summer	 environmental	 science	 program	 for	
inner‐city,	 low‐income,	 ethnically	 diverse	 high	 school	 students	 (Blustein	 et	 al.,	 pending).	
For	instance,	within	a	small	group	of	friends,	the	boys	would	playfully	tease	each	other	by	
using	new	scientific	vocabulary.	
Eisenhart	 and	 Edwards	 (2004)	 used	 a	 design	 experiment	 methodology	 of	
curriculum	design	which	 involved	 iterative	design	 and	modification	of	 the	 curriculum	as	
they	 observed	 its	 implementation.	 This	 design	 helped	 to	 maintain	 an	 equitable	 balance	
between	 the	 researchers’	 learning	 goals	 and	 the	 students’	 and	 their	 families’	 learning	
interests.	 The	 point	 at	 which	 the	 top‐down	 (researchers’/university’s)	 and	 bottom‐up	
(girls’/families’)	 science	 learning	 goals	 met	 was	 a	 “hybrid	 third	 space”	 (Eisenhart	 &	
Edwards	 citing	 Bhabha	 1994;	Moje	 et	 al.	 2004;	 Gutiérrez,	 Rymes	 and	 Larson,	 1995),	 i.e.	
learning	spaces	mutually	constructed	and	more	accessible	to	all	of	the	students.	
In	Lewis	and	Collins’	 (2001)	study	of	undergraduate	African	American	students	 in	
STEM	majors,	 they	 found	 that	 the	 students	 similarly	 enacted	 agency	 and	 choice	 in	 their	
involvement	 in	 the	 practice	 of	 science.	 The	 students’	 decisions	 to	 persist	 in	 science	 and	
pursue	 STEM	 careers	were	 influenced	 by	 their	 deep‐seated	 life	 goals	 and	 their	 growing	












his	 personal	 time	 for	 family,	 friends	 and	 personal	 activities	 such	 as	 working	 out	 and	
maintaining	 a	 healthy	 diet	 and	 lifestyle.	 Additionally,	 his	 work	 experiences	 changed	 his	
perception	 of	 engineering	 from	 enjoyable	 work	 with	 mathematics,	 problem‐solving	 and	
robotics,	which	were	the	basis	of	his	initial	interest,	to	engineering	involving	a	lot	of	boring	
office	work.	He	 liked	putting	 “110%”	 into	his	work,	but	did	not	 feel	passionately	enough	
about	 engineering.	 As	 his	 goal	 regarding	money	 was	 the	 only	 goal	 satisfied	 by	 a	 future	
career	 in	 engineering,	 his	 interest	was	not	 sustained	 and	he	 eventually	 pursued	 another	
path.	
Another	 African	 American	male	 in	 Lewis	 and	 Collins’	 (2001)	 study	 did,	 however,	
sustain	 his	 interest	 in	 a	 pharmaceutical	 career.	 His	 initial	 interest	 in	 a	 science‐related	
career	 was	 as	 a	 means	 for	 earning	 money,	 similar	 to	 the	 first	 African	 American	 male;	
however,	 over	 time,	 perceived	 aspects	 of	 and	 possibilities	 through	 his	 future	 career	 in	
pharmaceutical	 research	 resonated	more	 strongly	 with	 his	 more	 deep‐seated,	 pervasive	
traits	 of	 idealism	 and	 activism.	 For	 instance,	 he	 dreamed	 of	 world	 peace	 and	 harmony	
amongst	 men.	 He	 critiqued	 the	 STEM	 industry	 as	 being	 cutthroat,	 at	 times,	 and	 petty;	
however,	he	saw	his	work	as	a	means	to	being	able	to	help	humanity	by	finding	cures	for	











to	 individuals.	 For	 instance,	 the	women	 in	 Johnson	 et	 al.’s	 (2011)	 study	 had	 to	manage	
undesirable	identities	as	low‐income,	ethnic	minority	people	with	exposure	to	violence	or	
limited	 possibilities	 in	 careers	 and	 financial	 means	 of	 livelihood,	 as	 well	 as	 a	 host	 of	
unnecessary	identities	throughout	their	science	educational	and	career	journeys	based	on	
their	ethnicity	or	gender.	Examples	included	coaches	and	other	students	denying	the	Latina	
woman’s	 self‐perceived	 identity	 as	 a	 pre‐med	 undergraduate	 in	 an	 athletic	 training	
internship	and	 instead	defining	her	 in	 terms	of	 a	 female	 “groupie”	wanting	 to	be	around	
athletes	and	as	a	student	of	color	hanging	out	with	athletes,	who	were	also	predominantly	




The	women	 also	 felt	 that	 they	 had	 to	work	 hard	 and	 be	 particularly	 cognizant	 of	
their	 actions	 and	 decisions,	 especially	when	 related	 to	 or	 triggering	 thoughts	 about	 race	
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and	 ethnicity,	 in	 order	 to	 continue	 developing	 their	 science	 identities	 (A.	 Johnson,	 et	 al.,	
2011).	They	 felt	 that	 these	 issues	were	unique	to	them	as	people	of	color	and	as	women.	
For	 instance,	 on	 uncovering	 a	 research	 finding	 that	 identified	 the	 genetic	 difference	
underlying	 a	 disease’s	 predominance	 in	 White	 as	 opposed	 to	 Black	 people,	 the	 Black	
woman	hesitated	in	mentioning	this,	afraid	of	calling	attention	to	race.	
Johnson	et	 al.	 (2011)	 concluded	 that	 identities	are	not	 solely	up	 to	 the	 individual,	
but	result	from	a	combination	of	agency	and	location	in	a	“matrix	of	oppression”	(p.	359)	
due	 to	 race,	 ethnicity,	 culture,	 gender,	 socioeconomic	 status,	 etc.	 Location	 in	a	 “matrix	of	
oppression”	 can	 stimulate,	 sustain,	 curtail	 or	 completely	 eradicate	 one's	 authoring	 of	 a	




In	 other	 cases,	 some	 low‐income,	 ethnic	minority	 students	were	unable	 to	 escape	
the	structural	effects	of	socioeconomic	class,	race	and	gender.	For	instance,	Aschbacher,	Li	
and	 Roth	 (2010)	 examined	 why	 some	 high	 school	 students	 amongst	 an	 ethnically	 and	
economically	 diverse	 group,	 initially	 very	 interested	 in	 STEM	 careers,	 persisted	 while	
others	did	not	by	 focusing	on	 identity	 and	 communities	of	practice.	 From	 findings,	 three	
major	groups	emerged:	the	High	Achieving	Persisters,	the	Low	Achieving	Persisters	and	the	
Lost	Potentials.	These	 three	groups	developed	as	a	 result	of	different	experiences	within	









achieving	 persisters.”	 Similarly,	 the	 “high‐”	 and	 “low‐	 achieving	 persisters”	 represented	
different	 schools.	 The	 “high‐achieving	 persisters”	 graduated	 from	 high	 school	 and	
proceeded	 immediately	 to	 college	 in	 pursuit	 of	 their	 careers	 as	 doctors,	 engineers	 and	
research	 scientists.	They	had	 typical	 student	perceptions	of	 ‘school	 science,’	 such	as	 that	
science	was	 dull,	 boring	 and	 difficult;	 but	 they	 also	 held	 “altruistic	 interests”	 in	 science,	
such	as	to	help	people	and	to	learn	about	the	physical	and	biological	world,	and	they	also	
participated	 in	 extra‐curricular	 science	 activities	 such	 as	 science	 fairs,	 research	 and	
internships	 in	hospitals	and	zoos.	They	also	often	had	family	members	who	were	science	
career	professionals	and	who	were	able	to	provide	science‐career‐related	information.		
The	 “low‐achieving	 persisters,”	 on	 the	 other	 hand,	 were	 all	 low‐income,	 ethnic	
minority	girls	who	aspired	to	be	doctors	and	dentists.	They	also	had	“altruistic	interests”	in	
science;	however,	 during	high	 school,	much	of	 their	 time	outside	of	 school	was	 taken	up	
with	 after‐school	 jobs;	 following	 graduation,	many	 had	 to	 compromise	 to	 other	 science‐
related	 careers,	 such	 as	 nursing,	which	 they	 could	 attain	 through	 community	 colleges	 or	
vocational	or	 technical	 schools;	and	 the	girls	were	often	 first‐generation	college	students	
without	 access	 to	 family	 members	 with	 science‐career‐related	 information.	 The	 three	
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groups	 of	 science	 students	 came	 from	 three	 major	 different	 family	 backgrounds	 and	
schools.	 Beyond	 differences	 in	 cultural,	 social	 and	 financial	 capital	 afforded	 by	 different	
families,	 one	 might	 wonder	 if	 the	 different	 schools	 promoted,	 more	 or	 less	 explicitly,	
different	 types	 of	 science	 identities,	 career	 options	 and	 educational	 pathways	 to	 those	
careers,	 for	 e.g.	 traditional	 4	 year	 colleges,	 community	 college	 or	 technical/vocational	
program,	as	well	as	different	kinds	of	educational	or	social	support.	That	the	low‐achieving	




between	 extracurricular	 science	 engagement	 and	 school	 science	 grades,	 i.e.	 greater	
extracurricular	science	engagement	was	correlated	with	lower	school	science	grades.	The	












“good	 science	 student”	 identity,	 for	 e.g.	 quiet	 in	 class,	 consistent	with	home	assignments	
and	responsive	to	teachers’	questions,	were	perceived	as	most	successful	 in	science	or	as	
likely	to	accomplish	their	future	educational	and	career	goals	by	their	teachers	and	peers;	





his	 hobbies	 with	 cars	 and	 motorcycles,	 their	 science	 identities	 went	 unnoticed	 and	 as	





this	 identity	 is	 too	 distant	 and	 irrelevant	 to	 many	 students	 and	 the	 research	 scientist	
identity	 is	 far	too	narrow	to	be	representative	of	all	of	 the	possible	ways	to	 interact	with	









Brickhouse	 and	 Potter	 (2001)	 present	 additional	 evidence	 for	 the	 inescapable	
institutional	 effects	 of	 race,	 gender,	 ethnicity	 and	 class	 in	 developing	 identities	 around	
science.	They	presented	a	case	study	focusing	on	two	young	women	of	color	from	poor	to	
working	 class	 backgrounds.	 They	 were	 both	 very	 smart	 students;	 however,	 one	 of	 the	
young	women	was	positioned	as	better	suited	 for	science	as	compared	to	 the	other.	This	
young	 woman	 appeared	 to	 fit	 the	 “smart	 science	 student”	 identity	 as	 she	 was	 always	
diligent	 in	her	work,	disciplined	 in	 class	and	others	 looked	 to	her	 test	 scores	 in	order	 to	
determine	 if	 they	 did	 well	 enough.	 She,	 however,	 was	 marginalized	 in	 an	 honors	 class	
comprised	 of	 students	 who	 were	 all	 White	 and	 significantly	 richer	 than	 she	 was,	 was	
denied	fulfilling	and	supportive	relationships	amongst	her	peers	in	class	by	being	isolated	
socially	and	eventually	failed	critical	exams,	thus	having	to	switch	to	business	and	finance	
studies.	 The	 other	 student	 who	 was	 very	 much	 overlooked	 in	 science	 and	 school,	 in	
general,	was	 very	 successful	 in	 computer	 science	 given	 informal	 and	 social	 relationships	







terms.	 For	 instance,	 she	 adapted	 some	 level	 of	 competitiveness	 like	 her	 male	 computer	
science	peers,	as	well	as	some	of	their	 interests,	but	still	maintained	some	amount	of	her	
individuality	 and	 femininity.	 The	 first	 young	woman,	 on	 the	 other	 hand,	was	 ascribed	 a	
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Individual	 agency	 or	 institutional	 positioning	 does	 not	 always	 win	 out.	 In	 some	
cases,	 students	 were	 able	 to	 negotiate	 these	 two	 sources	 of	 power.	 Brandt	 (2008),	 for	
instance,	described	“locations	of	possibility”	in	her	study	in	which	young	American	Indian	
women	 in	 undergraduate	 science	 programs	 were,	 at	 times,	 able	 to	 successfully	 interact	
with	communities	of	science	as	they	pursued	their	degrees.	Some	were	fortunate	enough	to	
find	 or	 carve	 out	 spaces	 which	 were	 more	 hospitable	 to	 them	 as	 opposed	 to	 the	 more	
isolated	 and	 competitive	 university	 science	 setting	 and	 non‐American	 Indian	 faculty	
members	 and	 peers.	 For	 instance,	 one	 student	was	 able	 to	work	with	 another	American	
Indian	woman	in	order	to	work	through	the	science	texts	and	notes	and	be	more	prepared	
for	 their	 classes.	Another	 “location	of	possibility”	 for	 this	 student	was	her	coursework	 in	
Native	American	Studies	in	which	she	felt	free	to	view	education	from	a	cultural‐historical	
perspective,	 to	ask	questions	freely	and	trust	the	 information	that	they	received.	Another	
student	 did	 not	 find	 supportive	 and	 hospitable	 “locations”	 on	 the	 university	 campus;	
however,	she	often	reflected	on	the	positive	experiences	she	had	had	in	the	past	during	a	
summer	research	program	at	another	university.	There	she	was	able	to	develop	a	positive	
research	 science	 identity,	 but	 this	was	gradually	 eroded	at	her	home	university	due	 to	 a	
lack	 of	 support	 there.	 In	 other	 cases,	 some	 women	 were	 unable	 to	 form	 meaningful	
relationships	with	 faculty	 or	 study	 group	 peers.	 Not	 surprisingly,	 based	 on	 “locations	 of	
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possibilities”	 or	 opportunities	 to	 engage	 in	 discourses	 in	 order	 to	 develop	 positive	 and	
satisfying	science	identities,	some	of	the	women	were	able	to	persist	and	graduate.	Others	
were	not	as	successful	and	withdrew	from	college	altogether.		
Students	 carving	 out	 “locations	 of	 possibility”	 (Brandt,	 2008)	 within	 institutional	
oppression	is	an	encouraging	finding;	however,	despite	attempts	at	this,	the	ways	in	which	
some	 students	 sought	 to	 make	 inroads	 into	 science	 were	 still	 sometimes	 overlooked.	
Significant	 missed	 educational	 opportunities	 can	 result	 from	 overlooking	 the	 unique	
connections	students	can	make	to	science.	For	instance,	Barton	and	Yang’s	(2000)	critical	
ethnography	 told	 the	story	of	a	young	man	who	was	quite	actively	engaged	 in	science	 in	
extra‐curricular	and	out‐of‐school	 activities;	however,	 a	 combination	of	disregard	 for	 the	
student’s	interests	and	motivation	in	science,	disconnections	between	the	student’s	in‐	and	
















silence	 for	 a	 whole‐class	 discussion	 or	 presentation.	 Rather,	 they	 preferred	 to	 and	
continued	 to	 speak	amongst	 themselves.	Within	 these	 subversive	communities,	however,	
were	 conversations	 that	 involved	 science	 concepts	 and	 technical	 terminology	 that	 were	
overlooked.	 Additionally,	 the	 students	 desired	 to	 be	 respected	 and	 viewed	 favorably	 by	
their	 peers.	 As	 such,	 they	 were	 reluctant	 to	 move	 forward	 with	 certain	 aspects	 of	 the	







Rahm	 (2008),	 for	 instance,	 described	 a	number	of	 cases	 in	which,	when	provided	
sufficient	 latitude	 to	 bring	 personal	 meaning	 to	 school	 science,	 poor,	 urban	 students	 in	
Quebec	 suddenly	 “woke	 up”	 and	 became	 engaged	 in	 science.	 In	 Quebec,	 these	 students	
were	 similarly	positioned	marginally	 in	 school,	 in	 general,	 and	 science,	 in	particular.	 For	
instance,	one	student,	who	was	previously	so	against	science	that	he	drew	a	scientist	crying	
when	asked	 to	draw	a	 scientist,	became	 thoroughly	engaged	 in	paleontology	when	given	
the	 opportunity	 to	 visit	 a	 museum,	 interact	 with	 fossils	 and	 learn	 more	 about	 various	
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When	 students	 are	 permitted	 to	 engage	 in	 science	 in	 diverse	 ways	 and	 make	
meaning	 of	 the	 activities	 from	 a	 personal	 perspective	 they	 can	 create	 a	 hybrid	 or	 third	




were	 able	 to	 enter	 the	 science	 classroom	 community	 when	 curriculum	 reforms	 were	
implemented.	 These	 girls	 were	 able	 to	 communicate	 to	 others	 that	 they	 were	 “active”	
learners	 and	 “lab	 people;”	 however,	 the	 new	 space	 in	 the	 science	 classroom	 was	 not	
recognizable	 to	 some	 students	who	were	 engaged	 in	 order	 to	 develop	 or	maintain	 their	
“smart	 student”	 identities	 and,	 as	 such,	 they	 were	 dissatisfied	 and	 rejected	 this	 new	
discourse.		
With	 practice	 theory	 (Eisenhart	&	 Finkel,	 1998	 in	 Carlone,	 2004)	 as	 a	 theoretical	
basis,	 Carlone	 (2004)	 argued	 that	 school	 girls,	 in	 addition	 to	 resisting	 sociohistorical	
patterns	of	 gender‐biases	and	other	 inequities	 in	 science	and	science	education,	 can	also	
reproduce	 these	 inequities.	 The	 reform‐based	 “Active	 Physics”	 science	 curriculum	




this	 favorably	 as	 they	 thought	 that	 the	 traditional	 text‐	 and	 notebook‐centered	 Physics	
lessons	 were	 boring;	 however,	 throughout	 the	 school,	 the	 traditional	 culture	 defined	
achievement	 in	 terms	of	grades	and	prioritized	high	academic	achievement.	As	such,	 this	
not‐so‐straightforward	 path	 to	 achievement	 in	 science	 threatened	 some	 girls	 who	
preferred	taking	notes	from	the	teacher	and	referring	to	the	textbook	for	solutions.	As	such,	
using	one’s	 agency	 to	 author	 identities	 took	place	 in	 this	 science	 classroom	 in	ways	 that	
benefited,	as	well	as	limited,	the	girls’	Physics	learning.	
Many	 other	 studies	 report	 on	 the	 largely	 positive	 effects	 of	 curricular	 reforms	 on	
institutional	positioning	of	students	in	science	by	permitting	space	for	student	agency	and	
choice	in	identity	negotiation.	For	instance,	Reveles	and	Brown	(2008)	examined	how	two	
teachers	 facilitated	students’	 construction	of	 their	academic	 identities	as	 those	of	 science	
learners.	One	teacher	facilitated	“contextual	shifting,”	i.e.	the	process	of	calling	on	different	
genres	 of	 action	 and	 language	 depending	 on	 the	 time	 and	 place,	 from	 that	 of	 everyday	
knowing	 to	 one	 of	 scientific	 practice.	 This	 involved	 the	 use	 of	 specific	 kinds	 of	 technical	
language	 and	 the	 use	 of	meta‐discourse	 to	 co‐construct	 students’	 academic	 identities	 as	
science	 learners	 by	 recalling	 activities	 of	 the	 past	 and	 linking	 them	 to	 the	 present	
discussion,	 for	e.g.	conducting	experiments	earlier	on	 in	the	school	year,	as	well	as	 to	co‐
construct	 students’	 science	 understanding,	 for	 e.g.	what	 is	 a	 phenomenon	 and	 are	 there	
many	(Reveles	&	Brown).	 In	 the	second	case,	 the	science	teacher	 facilitated	her	students’	
shift	 from	 an	 everyday	 context	 to	 the	 context	 of	 science	 in	 a	 science	 classroom	 by	
purposeful	 use	 of	 language	 that	 changed	 the	 discourse	 used	 to	 describe	 a	 scientific	
phenomenon	 from	one	drawing	on	the	students’	already	existing	knowledge	and	ways	of	
describing	 to	 gradual	 incorporation	 of	 specific	 technical	 language	 and	 ending	 with	
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providing	 multiple	 opportunities	 for	 students	 to	 utilize	 the	 new	 scientific	 discourse	
without	 scaffolding	 (Reveles	&	Brown).	 In	 both	 cases,	 the	 teachers	 paid	 attention	 to	 the	
sociocultural	nature	of	education	and	the	central	role	identity	plays	in	the	opportunity	to	
learn.	The	teachers	were	explicit	in	their	shifts	across	contexts	and	discourse	and	equitable	
in	 their	 co‐construction	 of	 student	 understanding,	 while	 still	 eventually	 arriving	 at	 the	
specific	ways	of	knowing	and	describing	in	science	discourse.	
In	 an	 earlier	 case,	Rosebery,	Warren	 and	Conant	 (1992)	 sought	 to	 investigate	 the	
impact	 of	 a	 collaborative	 inquiry	 design	 in	 science	 instruction	 on	 language	 minority	
students’	 ability	 to	 use	 science	 discourse.	 Collaborative	 inquiry	 is	 a	 form	 of	 authentic	
scientific	 practice	 in	 which	 teachers	 guide	 their	 students	 in	 exploring	 problems	 and	
defining	 and	 researching	 questions	 that	 are	 of	 interest	 to	 them.	 It	 is	 founded	 on	 the	
assumption	that	“…robust	knowledge	and	understandings	are	socially	constructed	through	
talk,	 activity	 and	 interaction	 around	 meaningful	 problems,	 tasks	 and	 tools”	 (Roseberry,	
Warren	&	Conant,	p.	63).	In	order	to	test	this,	they	examined	changes	over	time	in	students’	
conceptual	 understanding	 in	 science	 and	 their	 use	 of	 hypotheses	 and	 experiments	 in	
explanations	to	two	problems	prior	to	and	after	engagement	in	collaborative	inquiry.	At	the	
start	 of	 the	 study,	 the	 students	 relied	 heavily	 on	 personal	 experiences,	 information	
provided	 to	 them	 in	 the	statement	of	a	problem	or	anonymous	people	or	 factors,	 for	e.g.	
some	 “thing”	 or	 “person,”	 to	 derive	 solutions.	 At	 the	 end	 of	 the	 study,	 the	 students	
increased	 their	use	of	 testable	hypotheses	 and	experiments	 in	 their	 reasoning	 towards	a	
solution	and	instead	of	naming	anonymous	factors,	they	began	to	consider	the	problem	as	
part	of	a	 larger	system,	 for	e.g.	describing	the	connection	of	 littering	and	improper	waste	
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disposal	 to	 the	water	 system	 and	 poisoning	 of	 animals	 in	 lakes	 and	 rivers.	 Overall,	 they	
grew	in	their	ability	to	reason	scientifically.		
Summary	
Overall,	 in	 participating	 in	 a	 science	 practice,	 there	 are	 a	 number	 of	 fundamental	




or	 acknowledgement	 of	 others	 partaking	 in	 the	 discourse	 or	 community.	What	 she	 does	
must	be	recognizable	to	others	in	order	for	the	identity	to	be	taken	up.	As	such,	she	must	
participate	within	 the	 limits	of	 the	practice	 in	which	 she	wishes	 to	negotiate	an	 identity.	
These	 limits	 involve	 a	 hierarchical	 organization	 of	 available	 behaviors	 and	 cues	 and	 an	






equitable	 educational	 ideologies.	 Thus,	 in	 this	 study,	 I	 will	 examine	 the	 ways	 in	 which	
students	developed	science	identities	through	the	negotiation	of	their	agency	and	the	limits	
of	 the	 science	 practice	 and	 the	 characteristics	 of	 the	 science	 practice	 that	 supported	 or	
inhibited	 science	 identity	 negotiation.	 Furthermore,	 I	 will	 examine	 the	 impact	 of	 their	
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The	 science	 intervention	 of	 focus	was	Teens	 for	 Environmental	 and	 Social	 Justice	
(TESJ),	 an	 informal	 science	 education	 intervention	 that	 targeted	 underserved	 public	
schools	and	low‐income,	ethnic	minority	youth,	many	of	whom	spoke	English	as	a	second	
language.	 TESJ	 was	 set	 within	 a	 larger,	 multi‐year,	 NSF‐funded	 research	 study	 aimed	 at	
examining	 long‐term	 STEM	 career	 interest	 development	 and	 maintenance.	 The	 major	
research	problems	which	TESJ	targeted	were	the	low	levels	of	science	proficiency	amongst	
low‐income,	 ethnic	 minority	 students	 and	 the	 underrepresentation	 of	 ethnic	 minority	





grade	 and	 were	 recruited	 primarily	 from	 3	 partner	 schools.	 The	 students	 were	 not	
particularly	 interested	 in	 science	when	 they	 enrolled	 in	 the	 program.	 Rather,	 they	were	
drawn	to	the	program	for	assistance	with	college	preparation	and	applying	to	college	and	
for	 financial	 aid.	 Finally,	 the	 students	who	were	 recruited	 for	 the	 program	were	 largely	
“average”	academic	performers	based	on	standardized	testing.	TESJ	sought	to	address	the	
educational	needs	of	those	not	already	excelling	in	school.	
The	TESJ	 curriculum	was	 comprised	of	 two	major	 components.	The	 STEM/Career	
Planning	aspect	of	the	program	focused	on	providing	students	with	technology‐rich	science	
learning	and	STEM	skills	experiences	structured	around	urban	ecology	and	urban	planning.	
The	 STEM	 career	 development	 aspect	 of	 this	 curriculum	 focused	 on	 emphasizing	 the	
significance	and	utility	of	the	skills	they	had	learned	as	important	transferable	21st	century	
skills.	 The	 students	were	 also	 given	multiple	 opportunities	 to	 interact	with	 STEM	 career	
professionals	 in	 structured	career	 roundtables	and	panels.	The	 second	component	of	 the	
TESJ	curriculum	was	based	on	social	justice	principles.	The	students	worked	on	the	urban	
development	 projects	 intent	 on	 addressing	 environmental	 conservation,	 economic	






was	 structured	 as	 an	 informal	 learning	 environment,	 targeted	 students’	 already	 existing	
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interests,	 was	 based	 on	 a	 culturally‐relevant	 science	 curriculum.	 Gloria	 Ladson‐Billings	
(1995)	 defined	 culturally	 relevant	 teaching	 as	 that	 which	 promotes	 the	 academic	
development	 of	 young	 people,	 as	 well	 as	 nurtures	 and	 supports	 their	 development	 of	
cultural	 competence	 and	 socio‐political	 consciousness.	 The	 fundamental	 social	 justice	
principles	of	the	TESJ	program	focused	the	STEM	project	and	class	discussions	on	critical	
analyses	of	 the	 students’	 communities	and	society,	 in	general,	 in	 terms	of	 race,	 ethnicity,	
gender,	economics	and	other	 lenses,	 followed	by	the	development	of	 feasible	solutions	to	
be	 implemented.	 Additionally,	 the	 science	 curriculum	 capitalized	 on	 the	 cultural	
experiences	 of	 the	 students,	 bringing	 these	 centrally	 into	 the	 academic	 space	 of	 the	
program.	Furthermore,	the	curriculum	and	learning	experiences	incorporated	the	students’	
experiential	 funds	 of	 knowledge	 (Basu	 &	 Barton,	 2007;	 Moll,	 Amanti,	 Neff,	 &	 Gonzalez,	
1992),	 emphasized	 the	 authenticity	 and	 relevance	 of	 the	 science	 that	 the	 students	were	
learning,	involved	inquiry‐based	research	problems,	provided	opportunities	for	immersive	




in	 which	 the	 students	 were	 provided	 with	 opportunities	 to	 discuss	 environmental	 and	
social	 justice	 issues	 of	 concern	 to	 them	 and	 their	 local	 communities.	 Following	 these	





their	 action	 plans	 for	 implementation	 to	 gatekeeping	 Community	 Development	
Corporations	(CDCs).		
Two	 common	 social	 problems	 discussed	 by	 the	 students	 were	 the	 dilapidated	
conditions	 and	 lack	 of	 safety	 of	 their	 neighborhoods.	 Using	 urban	 development	 as	 the	
research	 problem,	 subsequent	 curriculum	 activities	 and	 science	 skills	 were	 focused	 on	
urban	planning.	In	the	urban	planning	projects,	the	students	adopted	vacant	parcels	of	land	
in	 their	 local	 city	 that	 were	 slated	 for	 development	 in	 the	 short‐term	 with	 the	 goal	 of	






the	data	 in	relation	 to	the	sites	and	 identified	 factors	 that	contributed	to	peaks	 in	 the	air	
and	 ground	 temperature	 and	 the	 noise	 levels.	 For	 instance,	 high	 temperatures	were	 the	
result	of	urban	heat	island	effects;	high	sound	levels	were	the	result	of	noise	pollution	from	
heavy	traffic;	and	lead	contamination	was	the	result	of	historical	industrial	use	of	the	land.	
Through	 these	 activities,	 the	 students	 learned	 fundamental	 mathematical	 and	 analytical	
skills	in	the	context	of	studying	environmental	science	and	urban	ecosystems.	
Following	 the	 field	 study	 and	 graphical	 analysis,	 the	 students	 learned	 to	 use	
geographic	 information	 systems	 (GIS)	 technology	 and	 computational	 modeling	 tools	 in	




graphical	 analysis,	 they	would	 shift	 to	making	 decisions	 about	 developing	 the	 parcels	 of	
land	 based	 on	 their	 new	 research	 knowledge	 of	 the	 site.	 Specifically,	 the	 students	 used	
industry‐grade	urban	planning	 software,	ArcGIS	 and	Community	Viz,	 in	which	 they	were	
able	 to	modify	virtual	models	of	 the	parcels	of	 land	and	 the	 surrounding	neighborhoods.	
They	 were	 able	 to	 assign	 various	 kinds	 of	 businesses,	 residences,	 recreation,	 surface	
materials,	trees	and	foliage,	signage	and	other	aesthetics	to	the	site.	
In	 the	 urban	 planning	 software,	 with	 every	 design	 decision,	 the	 program	
automatically	 generated	 graphical	 output	 data	 for	 a	 number	 of	 variables,	 for	 e.g.	
commercial	 and	 residential	 energy	 use,	 commercial	 and	 residential	 water	 consumption,	
percentage	 of	 impervious	 surfaces,	 jobs	 generation,	 surface	 area	 and	 project	 site	 costs.	
Additionally,	the	students	had	data,	in	terms	of	these	variables,	for	the	site	as	it	was	at	that	
time	 before	 development,	 as	 well	 as	 two	 alternative	 designs,	 one	 residential	 and	 one	
commercial.	 The	 students	 then	 argued	 the	 value	 of	 their	 designs	 based	 on	 the	 graphical	
results	and	the	scientific	understanding	underlying	their	design	decisions.	For	 instance,	a	
common	 design	 was	 to	 add	 trees	 for	 shade	 and	 temperature	 regulations,	 for	 sound	
buffering	 effects,	 thus	 reducing	 noise	 levels	 within	 the	 site,	 and	 for	 the	 site	 to	 be	
aesthetically	 pleasing.	 At	 the	 end	 of	 each	 Vacation	 Institute	 and	 the	 end‐of‐year	 Closing	
Symposium,	 the	 students	 presented	 their	 projects,	 including	 their	 methods,	 experiences	
and	 the	 value	 of	 the	 site	 based	 on	 scientific	 data	 and	 understanding.	 The	 students	were	
expected	 to	be	able	 to	communicate	 their	projects	and	experiences	competently	within	a	
scientific	practice	to	their	peers	and	instructors.	Additionally,	the	students	worked	directly	








and	 development	 for	 students.	 There	 is	 a	 particular	 focus	 on	 stimulating	 and	 sustaining	





and	non‐STEM	related	careers,	 as	well	 as	 in	 life,	 in	general.	Additionally,	 the	STEM	 labor	
force	has	been	rapidly	growing	and	provides	abundant	 job	opportunities	as	compared	 to	
other	 fields	 and,	 particularly,	 in	 times	 of	 economic	 hardship.	 Furthermore,	 the	 STEM	
proficiency	of	a	nation	is	indicative	of	its	economic	competitiveness.		
Beyond	 these	 benefits,	 however,	 STEM	 is	 of	 particular	 focus	 in	 the	 TESJ	 program	
due	 to	 the	 field’s	 significant	 potential	 in	 contributing	 to	 the	 career	 development	 of	
marginalized	 and	 underserved	 students,	 namely	 low‐income,	 ethnic	 minority	 students.	
Racial	and	ethnic	diversity	are	particularly	lacking	in	the	STEM	industry,	also	established	in	









in	one’s	 career	choice,	 informed	navigation	of	educational	and	other	 societal	 institutions,	
social	 mobility,	 empowerment	 and	 the	 equitable	 distribution	 of	 social	 and	 economic	
resources.	
It	 is	 important	 to	 state	 that	 the	 TESJ	 program	 does	 not	 seek	 to	 force	 students	 to	
choose	 STEM	careers,	 but	 to	 consider	 them	and	 evaluate	whether	 or	not	 STEM	can	be	 a	
viable	pathway	for	them.	DiLisi,	McMillin	and	Virostek	(2011)	found	that	informal	science	
programs	 like	 TESJ	 can	 encourage	 and	 sustain	 science	 interests	 amongst	 high	 school	




possible	 to	 change	 students’	 innate	 or	 pre‐existing	 career	 interests.	 What	 is	 important,	
however,	 is	 to	 provide	 students	with	 the	 opportunity	 to	 consider	 valuable	 STEM	 career	
paths	 that	 they	 might	 have	 overlooked,	 did	 not	 know	 existed	 or	 might	 not	 have	 been	
encouraged	to	consider.	A	central	goal	of	the	TESJ	program	that	informed	the	experiences	











































Freshman	 16 31.37 
Sophomore	 12 23.53 
Junior	 18 35.29 
Senior	 16 31.37 
Total	 62 100 
		
Participants’	Educational	Context	
In	 order	 to	 determine	 the	 wider	 educational	 context	 of	 the	 students,	 the	
participants’	 public	 school	 district,	 Mar	 Vista,	 was	 compared	 to	 a	 neighboring	 high‐
achieving,	affluent	school	district,	Diego	Martin,	and	compared	to	overall	State	statistics	in	
order	to	determine	a	representative	student	profile	of	the	TESJ	high	schools.	The	following	















First	 language	 not	 English:	
38.8%	
First	 language	 not	 English:	
26.9%	










Qualifies	 for	 free	 lunch:	
67.3%	
Qualifies	 for	 free	 lunch:	
9.4%	
Qualifies	 for	 free	 lunch:	
27.4%	
Qualifies	 for	 reduced	 lunch:	
8.3%	
Qualifies	 for	 reduced	 lunch:	
2.2%	









































4	 year	 college	 (public	 or	
private):	56.6%	










Grade	 10	 Science:	 36%	
proficient	 and	 above	 (n	 =	 3	
487)	
Grade	 10	 Science:	 81%	
proficient	 and	 above	 (n	 =	
403)	
Grade	 10	 Science:	 61%	
proficient	and	above	(n	=	68	
034)	
All	 grades	 Math:	 40%	
proficient	 &	 above	 (n	 =	 26	
292)	
All	 grades	 Math:	 80%	
proficient	 and	 above	 (n	 =	 3	
171)	
All	 grades	 Math:	 55%	
proficient	 and	 above	 (n	 =	
499	717)	
All	 grades	 English:	 46%	
proficient	and	above	(n	=	26	
455)	
All	 grades	 English:	 83%	
proficient	 and	 above	 (n	 =	 3	
159)	
All	 grades	 English:	 67%	





Compared	 to	 the	 high‐performing	 school	 district	 (Diego	Martin),	 the	 home	 school	
district	 of	 the	 TESJ	 students	 (Mar	 Vista),	 was	 quite	 large,	 was	 less	 successful	 overall	 in	







to	have	 thick,	 detailed	description	of	 the	 research	 setting	 and	 the	participants	 through	 a	
qualitative	 study	 and	 I	 wished	 for	 that	 data	 to	 capture	 nuanced,	 unexpected,	 context‐
dependent	 observations	 that	would	not	 be	 easily	 predicted	 and	detected	by	 quantitative	
survey	methods.	Furthermore,	 I	sought	 to	conduct	a	 long‐term	study,	one	that	spanned	a	
significant	 period	 of	 time,	 in	 order	 to	 examine	 how	 students’	 interests,	 statements,	
behaviors,	etc.	changed	over	time,	if	the	students	followed	through	with	their	stated	goals	
or	if	their	statements	were	consistent	with	their	behavior.	Additionally,	in	truly	seeking	to	
inquire	about	 the	social	phenomenon	and	not	prove	what	has	already	been	stated	 in	 the	
research	 literature,	 I	 wished	 to	 see,	 first‐hand,	 what	 was	 evident	 and	 what	 emerged	 as	
important.	As	 such,	grounded	 theory	has	 informed	my	methodology.	For	 these	 reasons,	 I	


























impacted	their	relationship	 to	science,	 i.e.	 their	science	 identities.	Following	Brickhouse’s	
85	
	
(2008)	 methodological	 advice	 above	 that	 states	 in	 order	 to	 make	 a	 claim	 that	 an	
educational	intervention	has	made	an	impact	on	the	identity	of	a	child	data	collected	must	
be	 multi‐contextual	 and/or	 longitudinal,	 data	 for	 the	 present	 study	 focused	 on	 an	
examination	of	science	identity	negotiation	was	long‐term,	collected	over	several	months,	
and	 diverse,	 including	 digital	 video	 recordings,	 participant	 observations	 and	 field	 notes,	
individual	 interviews,	and	student	work.	Thus,	a	qualitative	study	was	conducted	and	the	
data	 collection	 and	 analysis	 methods	 were	 informed	 by	 ethnography	 and	 case	 study.	
Furthermore,	 the	 study	 was	 focused	 on	 an	 informal	 science	 setting	 as	 opposed	 to	 a	
classroom	 such	 that	 students	 would	 have	 more	 freedom	 in	 expressing	 themselves	 and	
interacting	 with	 the	 practice	 and	 others,	 thus	 given	 more	 space	 to	 negotiate	 science	
identities.		
Data	 spanned	 the	 time	 period	 of	 July	 2010	 to	 September	 2011.	 During	 this	 time	
period,	3	rounds	of	individual	interviews	with	10	to	20	students	in	each	round	and	1	focus	
group	 was	 conducted.	 Field	 notes	 were	 recorded	 during	 17	 Saturday	 sessions	 and	 3	
intensive	 institutes	 (two	3‐day	 institutes	during	 the	2011	 spring	 academic	 semester	 and	
one	 8‐day	 summer	 2011	 institute).	 Video	 tape	 recordings	 were	 taken	 of	 bi‐monthly	
Saturday	 sessions,	 the	 spring	 and	 summer	 institutes	 and	 student	 presentations	 from	
February	 2011	 to	 July	 2011.	 Finally,	 sample	 student	 work	 was	 collected	 for	 artifact	














Interviews 10	–	20 3 Summer,	 2010;	 Fall,	 2010;	 Summer,	
2011 




62 15 January	–	July,	2011 











	 Jul	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Sep 	
Qa	 ‐	 3	 1	 0	 ‐	 1	 1	 1	 0	 0	 6	 2	 15	
Zs	 Not	in	TESJ	 4	 1	 1	 1	 5	 3	 15	
Dy	 ‐	 3	 0	 0	 ‐	 1	 3	 1	 0	 1	 3	 0	 12	
Ua	 1	 2	 1	 1	 ‐	 0	 3	 0	 1	 0	 5	 0	 14	
Hy	 1	 1	 0	 1	 ‐	 1	 2	 1	 1	 0	 5	 0	 13	
Dn	 ‐	 2	 2	 1	 ‐	 2	 3	 1	 1	 1	 1	 0	 13	
Ds	 ‐	 1	 1	 0	 ‐	 1	 4	 1	 1	 1	 2	 0	 12	
Zo	 ‐	 2	 1	 0	 ‐	 0	 4	 1	 1	 1	 2	 1	 13	
Ta	 1	 2	 1	 1	 ‐	 1	 3	 0	 1	 0	 2	 0	 12	










Name	 Gender	 Race/Ethnicity	 Class	
Qa	 F	 Dominican	&	El	Salvadorian	 Freshman	
Zs	 F	 Puerto	Rican	&	Filipino	 Freshman	
Dy	 F	 Latina	 Freshman	
Ua	 F	 Black/Haitian	 Sophomore	
Hy	 M	 Black/Haitian	 Junior	
Dn	 M	 Dominican	 Senior	
Ds	 M	 Black/African	American	 Freshman	
Zo	 M	 Black/Nigerian	 Freshman	
Ta	 F	 Black/Haitian	 Sophomore	





The	 research	 design	 was	 informed	 by	 three	major	 methodologies:	 (i)	 immersive,	
long‐term	ethnography	(Geertz,	1973	cited	by	Burawoy	et	al.,	1991);	(ii)	grounded	theory	
(Glaser	&	Strauss,	1967);	and	case	study	(R.	Stake,	2000).	Case	study	was	utilized	to	define	
the	 levels	 of	 focus	 for	 data	 analysis.	 These	were	 individual	 case	 analyses	 and	 cross‐case	
analyses	across	all	of	 the	 individual	cases.	Ethnography	called	 for	detailed	and	 long‐term	
observation	 of	 on‐going	 activities.	 Grounded	 theory	 required	 the	 analysis	 of	 qualitative	
data	and	derivation	of	meaning	based	on	the	data	itself	and	not	as	a	result	of	the	use	of	an	a	
priori	 coding	 structure.	 The	 research	 question	 sought	 to	 examine	 the	 ways	 in	 which	
students	negotiated	science	identities	within	the	TESJ	program.	As	such,	although	the	data	
were	not	organized	in	terms	of	an	a	priori	coding	structure,	the	data	were	then	analyzed	in	
terms	 of	 the	 specific	 concept	 of	 science	 identity	 negotiation.	 Together,	 ethnography	 and	
grounded	 theory,	 along	with	 the	 goals	 of	 the	 research	 question,	 informed	 a	 naturalistic,	
interpretive	 analysis	 based	 on	 what	 was	 evident	 in	 the	 data	 in	 relation	 to	 a	 specific	
theoretical	 concept	 –	 science	 identity	 negotiation.	 Case	 study	 was	 utilized	 to	 define	 the	
levels	of	focus	for	data	analysis.	
Determining	Science	Identity	Negotiation:	
A	 student	was	 recognized	as	a	 contributing	and	competent	member	of	 a	 scientific	
practice	within	the	informal	TESJ	program,	and	thus	as	having	developed	a	science	identity,	
by	 exhibiting:	 (i)	 an	 increased	 level	 of	 engagement	 and	 participation	 in	 the	 science	
























After	 this	 initial	 cross‐case	 coding,	 resulting	 in	 the	 production	 of	 a	master	 list	 of	
open	 codes,	 I	 organized	 the	 data	 for	 each	 participant’s	 science	 identity	 negotiation	 such	
that	I	could	look	across	all	the	data	in	a	uniformed	and	systematic	way.	I	summarized	each	
student’s	 development	 in	 terms	 of	 science	 identity	 across	 time.	 The	 changes	 in	 science	
identity	over	time	for	each	student	were	sketched	out	in	a	simple	graphical	form,	i.e.	based	
on	 evidence	 in	 each	 individual	 case	 and	 based	 on	 the	 indicators	 of	 science	 identity	
negotiation	 which	 were	 (i)	 an	 increased	 level	 of	 engagement	 and	 participation	 in	 the	
science	 activities;	 (ii)	 a	 positive	 affect	 and	 enjoyment	 of	 the	 science	 activities;	 (iii)	
demonstrated	 competence	 and	 proficiency	 with	 the	 scientific	 tools,	 for	 example	 the	
technology,	 language	 and	 content	 knowledge;	 and	 (iv)	 development	 of	 long‐term	 STEM	
career	plans,	when	a	student’s	science	identity	was	negotiated,	it	was	plotted	as	increased	
as	 compared	 to	 an	 earlier	 time	 point.	 Conversely,	 if	 the	 student	 demonstrated	 a	 lack	 of	
science	 identity	 negotiation,	 this	 was	 plotted	 as	 decreased	 compared	 to	 an	 earlier	 time	
point.	I	also	had	individual	case	study	analyses	for	each	student,	i.e.	each	case	had	a	number	
of	different	codes.	Thus,	 I	was	able	to	map	the	codes	from	each	case	on	to	the	plot	of	 the	
progression	 of	 the	 student’s	 science	 identity	 negotiation.	 So	 each	 case	 study	 was	
transformed	 into	 a	 graphical	 summary	 with	 the	 codes	 laid	 across	 them	with	 respect	 to	
time.	This	kind	of	model	building	and	use	of	graphical	tools	in	qualitative	and	educational	
research	 has	 been	 recommended	 as	 extremely	 helpful	 and	 trustworthy	 in	 the	 data	
organization,	 analysis	 and	 sense‐making	 processes	 (Briggs,	 2007;	 Miles	 &	 Huberman,	
1994).		
With	the	data	organized	in	this	way,	I	was	able	to	examine	the	variability	amongst	
the	 science	 identity	 negotiation	 processes	 of	 the	 individual	 students	 and	 compare	 and	
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contrast	 the	 impact	 of	 different	 experiences	 and	 factors,	 i.e.	 codes,	 on	 this	 cross‐case	
variability.	In	other	words,	I	was	able	to	look	across	the	10	cases	and	determine	similarities	
and	differences	in	terms	of	(i)	the	progression	of	science	identity	negotiation	across	the	10	
students;	and	(ii)	 the	 impacts	of	different	codes	 in	 the	science	 identity	negotiation	of	 the	
students.	 All	 codes	 were	 not	 necessarily	 present	 across	 all	 10	 cases,	 but	 had	 such	 a	
significant	or	marked	 impact	on	 the	science	 identity	negotiation	or	 lack	 thereof	 for	some	
students	that	the	codes	were	worth	further	examination.		
At	 the	 end,	 five	 cross‐cutting	 themes	 involved	 in	 the	 students’	 development	 of	






















were	 sought	 throughout	 the	 data.	 And	 finally,	 data	 were	 collected	 following	 long‐term	
immersion	in	the	research	field	(12	–	15	months)	such	that	very	detailed,	thick	description	





should	 have	 been	 conducted.	 The	 students	 could	 have	 had	many	 career	 interests	 at	 the	
time	of	the	study,	but	whether	or	not	they	followed	through	with	those	career	plans	would	
be	a	more	confident	indicator	of	the	development	of	sustained	science	identities.	
Additionally,	 in	 a	 program	 explicitly	 focused	 on	 the	 value	 of	 science	 and	 science	






From	 the	methods	detailed	 in	 Chapter	 3,	 specifically	 through	 the	 use	 of	modeling	
and	graphical	tools	with	the	qualitative	data	(Miles	&	Huberman,	1994;	Briggs,	2007)	and	























Looking	 across	 the	 plots,	 those	 factors	 that	 were	 common	 in	 cases	 of	 consistent	









the	 educational	 researcher,	 I	 determined,	 based	 on	 pre‐existing	 expectations	 of	
performance,	what	behaviors	and	cues	were	considered	“scientific,”	of	a	science	student,	or	
of	a	future	scientist.	Some	of	the	participants	used	individual	agency	within	the	pre‐existing	
structure	 of	 TESJ	 in	 order	 to	 be	 identified	 as	 such	 or	 as	 competent,	 scientifically	 literate	





Other	 students	were	 identified	as	 interested	 in	 another	 scientific	practice,	namely	
medicine.	These	students	were	Hg,	Ua,	and	Ta.	Yet	others	were	identified	as	not	interested	
in	 science	 at	 all.	 This	 was	 the	 case	 with	 Dn;	 but,	 at	 times,	 these	 students	 were	 seen	 as	
having	 some	 level	 of	 competence	 in	 the	 TESJ	 science	 practice	 or	 as	 engaging	 in	 the	
behaviors	or	 social	 cues	 indicative	of	 competence	or	 skill	within	 the	practice,	 along	with	
other	identifiers	of	membership.	Those	students	whose	overall	science	identity	negotiation	
dwindled	 over	 time	 (Hg	 and	 Ta)	 or	 peaked	 under	 certain	 conditions	 (Dn	 and	 Ua)	 were	
considered	 to	not	 have	developed	TESJ	 science	 identities.	This	 is	because	 these	 students	
did	not	sufficiently	or	consistently	perform	the	behaviors	and	social	cues	such	that	I	could	
identify	 them	 as	 students	 with	 skill	 and	 competence	 within	 TESJ	 and	 as	 developing	 or	
sustaining	long‐term	interests	in	science	study	and	careers	(a	specific	goal	of	TESJ).	
In	 the	 sections	 that	 follow,	 I	 will	 focus	 on	 the	 similarities	 and	 differences	 across	
cases	 in	 the	 students’	 negotiation	 of	 science	 identities	 and	 the	 cross‐cutting	 themes	
responsible	for	these	similarities	and	differences.	I	will	begin	by	first	examining	the	ways	in	





only	during	 times	of	 short‐term	 take‐up	of	 recognizable	 science	behaviors	or	social	 cues.	
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or,	amongst	 those	students	who	did	not	successfully	negotiate	science	 identities,	 took	up	
recognizable	science	behaviors	or	social	cues	only	fleetingly.	
Next,	 I	 will	 examine	 the	 students’	 reactions	 to	 being	 presented	 with	 a	 specific	
science	practice	in	which	they	could	be	engaged.	Here,	I	will	discuss	how	the	students	were	
largely	 open‐minded	with	 respect	 to	 the	 practice,	 despite	 variable	 long‐term	 visions	 for	
themselves.	Finally,	I	will	conclude	the	cross‐case	analyses	by	examining	the	STEM	career	
development	outcomes	of	 the	 students	as	 a	 result	 of	TESJ.	Here,	 I	will	 present	 two	main	
characteristics	 of	 the	 students’	 STEM	 career	 interests.	 In	 one	 group,	 the	 students	 were	
driven	by	 the	 sheer	 enjoyment	of	 the	 activity	or	 the	 future	 career.	 In	 another	group,	 the	
students	were	exposed	 to	 role	models	 in	STEM	and	were	 strongly	encouraged	 to	pursue	
medical	careers.	
Following	 the	discussion	of	 the	 cross‐cutting	 themes,	 four	 individual	 cases	will	be	





















were	 funny	and	social;	and	(iv)	 that	 they	were	people‐/service‐oriented.	These	messages	
represented	 the	 ways	 in	 which	 the	 students	 used	 agency	 to	 participate	 within	 the	 TESJ	
structure.	The	messages	were	common	across	the	students	who	did	negotiate	recognizable	
science	 identities;	 but,	 amongst	 those	 who	 did	 not,	 these	 messages	 were	 weakly	





Participation	 in	 science	 was	 commonly	 used	 by	 the	 students	 to	 communicate	 to	
their	 peers	 and	 instructors	 that	 they	were	 smart	 and	 knowledgeable	 in	 the	 activities	 at	
hand,	 as	well	 as	 in	 activities	 beyond	 the	 program	 itself,	 for	 example,	 computer	 software	
hacking.	One	long‐term	project	in	which	the	students	were	involved	was	an	ecological	field	
study	of	an	empty	city	lot	and	the	design	of	an	urban	redevelopment	plan	for	the	site	and	
the	 surrounding	 neighborhood	 through	 the	 use	 of	 industry‐grade	 computer	 software.	













During	 the	 previous	 week,	 Qa	 demonstrated	 her	 skill	 with	 the	 technology	 by	













In	other	 instances,	during	 the	Spring	 Institute,	Latina	 freshman,	Dy,	presented	 the	
results	of	her	group’s	project	on	behalf	of	the	group.	More	noteworthy	were	her	exchanges	
with	 one	 of	 the	 host	 university’s	 professors,	 Dr.	 B,	 in	 a	 discussion	 of	 hydroponics	 plant	
system:	
Thursday	21st	April,	2011	















Dr.	 B:	 Those	 are	 just	 rocks.	 Everything	 you	 see	 here	 is	 something	 called	 a	
hydroponic	system	and	so	there's	no	soil	.	.	.	Just	water	and	a	chemical	solution	that	
plants	need.	Plants	need	basic	minerals,	phosphorus,	nitrates,	 things	 like	that.	 It	 is	
what	you	would	find	in	the	soil	[Dy	is	still	listening	carefully.]	The	plants	don’t	have	










is	a	company	that	makes	 this	material.	 It	 is	 inert	which	means	 it	doesn’t	have	any	













































Communicating	 that	 one	was	 smart	 and	 knowledgeable	 did	 not	 rely	 solely	 on	 the	
science	 projects	 of	 focus.	 In	 some	 cases,	 the	 students	 made	 use	 of	 the	 community’s	









































































in	 editing	 her	 poster	 presentation	 through	 his	 skills	 with	 the	 computer	 software	 and	 in	
math.	
Urban	and	Ethnic	Minority	Youth	Identities	
A	 second	 aspect	 of	 their	 identities	 that	 students	 communicated	 through	 their	
agentic	 participation	 in	 TESJ	 was	 the	 importance	 of	 their	 sense	 of	 selves	 as	 urban	 and	
ethnic	minority	youth.	The	students	did	not	attempt	to	minimize	or	replace	these	aspects	of	
their	 identities	 through	 their	 language	 patterns,	 dress,	 ideas,	 etc.	 For	 instance,	 all	 of	 the	




will	 be	 discussed	 separately	 and	 in	 more	 detail;	 however,	 beyond	 language	 use,	 some	
students	 purposefully	 fore‐fronted	 aspects	 of	 their	 urban	 and	 ethnic	 minority	 identities	








































to	 Zo,	 “Yo,	 they	 put	 tires	 on	 it	 [the	 basketball	 stand]	 to	 keep	 their	 hoop	 up!	 That’s	
something	we	would	do!”	(March	19th,	2011).	
Another	 student,	 Zo,	 also	 signaled	 his	 Nigerian	 heritage	 by	 rapping	 in	 Naija	 (a	









As	 shown	 in	 the	 data	 above,	 the	 students	 negotiated	 identities	within	 the	 science	






through	 their	 bilingualism	 and	 multilingualism,	 while	 the	 male	 participants	 performed	





Teenagers	 often	 wish	 to	 be	 socially	 accepted	 and	 seen	 positively	 by	 their	 peers.	
Many	of	the	students	in	this	study	also	participated	in	the	science	community	in	order	to	
communicate	 to	 their	peers	and	 instructors	 that	 they	were	 funny	and	social.	 In	 this	way,	
the	 students	were	 able	 to	 engage	 in	 science	 on	 their	 terms,	 thus	 preserving	 their	 social	
































activity;	 however,	 she	 made	 some	 comments,	 for	 instance	 by	 calling	 a	 part	 of	 the	
hydroponics	system,	“Cocoa	Puffs,”	and	by	imitating	her	friends’	interest	and	excitement	in	
a	 somewhat	 over‐the‐top	 way	 by	 raising	 her	 hand	 high,	 waving	 and	 shouting	 out,	 “I'm	
coming,	too!”		





Qa:	Wow!	 They	 got	 bus	 shelters	 and	 bench.	We	 need	 a	 stop	 sign,	 girl!	 You	want	
somebody	to	crash?	Yo!	Like	I’m	saying.	
	
While	 working	 on	 her	 tablet	 computer,	 Zs,	 a	 Puerto	 Rican	 and	 Filipino,	 female	
freshman,	remarked	to	her	friends,	“This	computer	is	like	my	father!	We	have	our	ups	and	
downs”	(Wednesday	20th	 July,	2011).	Additionally,	during	 the	Summer	 Institute,	students	
were	 introduced	 to	 video	 design	 software,	 Camtasia.	 The	 students	 were	 given	 a	 few	
minutes	 to	 play	 around	with	 the	 software.	 Zs	made	 use	 of	 the	 computers,	 video	 design	




Other	 examples	 included	Ds’	 typical	 self‐identification	 as	 a	 ninja	 in	 conversations	



























worked	 on	 their	 urban	 planning	 project;	 Zs’	 funny	 comments	 to	 her	 friends	 while	 she	
worked	 on	 the	 computer,	 then	 later	 her	 Camtasia	 video	 project	 on	 a	 topic	 that	 was	
particularly	popular	amongst	the	students	that	summer	(i.e.	planking);	Dn’s	humorous	play	







Qa	 demonstrated	 her	 care	 for	 people	 earlier	 on	 by	 talking	 about	 the	 homeless,	
dilapidated	 street	 conditions	 damaging	 people’s	 cars	 and	 by	 saying,	 “I	 care	 about	 the	
people”	 (March	19th,	2011).	Later,	 she	demonstrated	her	care	 for	 the	environment	 in	her	
summer	 project	 from	 how	 she	 spoke	 about	 the	 plot	 of	 land	 to	 her	 choice	 of	 music	 to	
support	the	project,	Katy	Perry’s	“Fireworks”	because	of	the	lyric,	“Have	you	ever	felt	like	a	
waste	of	space”	(Wednesday	27th	July,	2011).	Her	service‐	and	people‐oriented	motivations	
culminated	 in	 a	 range	 of	 STEM	 career	 interests	 in	 order	 to	 help	 others	 and	 a	 shift	 away	

















and	 make	 a	 profit	 while	 helping	 meet	 the	 needs	 of	 the	 local	 community,	 namely	 by	
providing	affordable	laundry	services.	Even	after	making	a	profit,	Ds	was	willing	to	invest	















































Focusing	on	personal	 experiences	of	 living	 in	poorly	designed	housing	 complexes,	
Dn	 kept	 the	 comfort	 and	 convenience	 of	 the	 residents	 in	mind	when	he	planned	out	 his	
community	development	project.	
Summary:	People‐/Service‐Oriented	
As	 the	data	 show	above,	 the	 students	 demonstrated	 their	 care	 for	 others	 through	
the	 science	and	urban	planning	 ideas	and	projects,	 as	well	 as	 through	 their	 career	goals.	
These	 included	 Qa’s	 suggestions	 for	 improving	 the	 street	 conditions	 for	 the	 people	who	
lived	 in	 the	 area;	 Qa’s	 statement:	 “I	 care	 about	 the	 people;”	 and	Qa’s	 choice	 of	music	 to	
support	 her	 message	 that	 we	 should	 care	 for	 the	 environment;	 Ds’	 plan	 to	 provide	
affordable	 and	 conveniently	 located	 laundry	 services	 and	 his	 offer	 to	 use	 his	 charm	 to	
encourage	others	to	support	efforts	to	improve	the	local	community;	Zo’s	desire	to	help	his	
country	 as	 motivation	 to	 be	 an	 engineer;	 and	 Dn’s	 suggestions	 about	 architectural	
improvements	 to	 make	 the	 living	 conditions	 of	 local	 residents	 more	 convenient.	
Furthermore	 it	 is	 worth	 noting	 that	 the	 students’	 concern	 was	 not	 focused	 on	 their	
immediate	families	and	friends,	but	on	local	community	residents	and	society,	in	general.	
Summary:	Discursive	Identity	Development	in	Science	
Overall,	 the	 students	participated	 in	 the	 science	practice	or	made	use	of	 available	
resources	 to	 communicate	 four	 major	 characteristics	 of	 themselves:	 (i)	 that	 they	 were	
smart	and	knowledgeable;	(ii)	that	they	were	urban,	ethnic	minority	youth;	(iii)	that	they	
were	 funny	 and	 social;	 and	 (iv)	 that	 they	 were	 committed	 to	 helping	 others.	 These	








or	 were	 engaged	 in	 whole	 group	 sessions	 in	 which	 they	 were	 introduced	 to	 the	 larger	
STEM	topics,	such	as	urban	planning,	all	of	the	students	spoke	in	various	combinations	of	
Standard	 American	 English,	 non‐standard	 English,	 Spanish,	 Haitian	 Creole,	 Ebonics	 and	
youth‐generated	 slang,	 for	 e.g.	 “coding.”	 In	 order	 to	 examine	 the	 language	 used	 by	 the	
students	 when	 they	 perceived	 themselves	 as	 “doing	 science,”	 I	 chose	 to	 focus	 on	 the	
students’	 presentations	 of	 their	 STEM	projects,	 a	 focused	 and	 targeted	 science	 activity.	 I	
was	 interested	 in	 identifying	 how	 the	 students	 included	 or	 eliminated	 other	 discourses	
through	language	use	when	they	perceived	themselves	to	be	centrally	involved	in	a	science	
activity.	 Four	 major	 patterns	 in	 language	 use	 were	 detected:	 (i)	 a	 largely	 traditional	
scientific	 discourse	 similar	 to	 that	 of	 research	 scientists;	 (ii)	 a	 developmental	 transition	
from	non‐traditional	scientific	discourses	to	a	more	traditional	one;	(iii)	hybrid	discourses	
of	 traditional	 and	non‐traditional	 scientific	 discourses	maintained	 over	 time;	 and	 (iv)	 no	
notable	 or	 demonstrated	 use	 of	 a	 scientific	 discourse.	 Over	 the	 course	 of	 the	 study,	 the	
students	 used	 language	 patterns	 in	 distinct	ways,	 some	more	 purposeful	 than	 others,	 in	
negotiating	a	science	identity	within	TESJ.	A	traditional	scientific	discourse	held	the	most	
power	in	affording	individuals	recognition	as	science	students,	future	scientists,	or	science	
people,	 in	 general.	 A	 traditional	 scientific	 discourse	 might	 be	 of	 the	 following	 form:	
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Statement	 of	 a	 question	 or	 a	 hypothesis;	 Description	 of	 an	 investigation	 conducted;	
presentation	of	 evidence	and	 results;	 and	making	a	 claim	or	argument.	A	non‐traditional	
scientific	discourse,	on	 the	other	hand,	will	not	be	readily	 interpreted	as	scientific.	These	
non‐traditional	 forms	 can	 include	 story‐telling	 and	 hip	 hop.	 A	 developmental	 transition	
from	a	non‐traditional	discourse	to	a	more	scientific	one	will	afford	individuals	recognition	
as	 growing	 into	 competent	 scientists.	 Three	 of	 the	 language	 patterns,	 a	 traditional	






discourse,	 two	 of	 the	 students	 successfully	 negotiated	 science	 identities,	 i.e.	 Zs	 and	 Te;	
however,	although	Hg	and	Ta	performed	the	behaviors	and	social	cues	of	scientists,	these	
behaviors	were	stand‐alone	 indicators	of	 science	skill	and	proficiency	within	TESJ.	These	




the	 research	 steps	 taken,	 presenting	 results	 and	 arguing	 the	 validity	 of	 those	 results	

















(Initial	 argument):	 What	 does	 my	 plan	 offer?	 It	 offers	 the	 community	 job	
















form	 of	 scientific	 discourse.	 Another	 student,	 Hg,	 similarly	 spoke	 using	 a	 traditional	
scientific	 discourse;	 however,	 some	 steps,	 such	 as	 setting	 the	 context	 and	 stating	 a	 goal	
were	overlooked,	and	details	of	steps	taken	had	to	be	solicited.	On	the	other	hand,	Hg	did	
include	 the	scientific	 reasoning	underlying	his	design	decisions	while	Zs	did	not.	Overall,	








































Zs	 negotiated	 her	 science	 identity	 within	 TESJ	 over	 time	while	 Hg	 did	 not.	 Hg	 did	 have	
career	aspirations	of	becoming	a	medical	doctor,	but	beyond	preparation	for	college,	he	did	
not	see	himself	developing	in	the	specific	skills	he	desired	or	felt	that	he	needed	to	become	







learn	 the	 various	 technologies	 and	 to	 explore	 her	 STEM	 career	 interest	 further.	 In	 the	
transcripts	 of	 both	 girls’	 urban	 planning	 presentations,	 Te	 was	 seen	 to	 make	 use	 of	 a	
traditional	scientific	discourse	more	proficiently	than	Ta.	































The	yellow	is	a	coffee	shop	 .	 .	 .	 [identifies	the	other	buildings]	 .	 .	 .	and	this	one	is	a	
shelter	for	homeless	children.	
	





















In	 her	 Spring	 presentation,	 Te	 was	 able	 to	 present	 findings	 and	 make	 evidence‐



















that	 there	was	a	 lot	of	 lead	 in	the	photo	right	 there.	There	was	a	 lot	of	 lead.	 [Next	




















skipped	 over	 important	 details	 in	 presenting	 her	 results,	 such	 as	 the	 specific	 numbers	
related	 to	 various	 measures.	 Finally,	 she	 insufficiently	 addressed	 an	 error	 in	 the	
presentation	 and	 explanation	 of	 her	 findings.	 Earlier	 in	 the	 Spring	 Institute,	 Ta	 did	 a	
slightly	better	job	at	taking	up	a	traditional	scientific	discourse.	In	the	Spring	Institute,	on	




















































Overall,	 Zs	 and	Te	demonstrated	proficiency	 in	 their	 use	of	 a	 traditional	 scientific	
discourse,	 while	 Hg	 and	 Ta	 either	 were	 less	 proficient	 or	 less	 compelled	 to	 take	 up	 a	
traditional	scientific	discourse.	Zs	and	Te	were	motivated	to	participate	in	the	TESJ	science	
practice	and	be	 identified	as	developing	 in	 science	as	 they	both	saw	 the	TESJ	practice	as	
meaningfully	 connected	 to	 their	 future	 STEM	 career	 interests.	 They	 were	 working	 on	
developing	 the	 knowledge	 and	 skills	 that	 would	 prepare	 them	 for	 future	 education	 and	
training	 as	 a	 forensic	pathologist	 and	 an	 engineer,	 respectively.	As	 such,	 they	performed	
the	behaviors	and	social	cues	 in	order	to	be	recognized	by	 their	 instructors	and	peers	as	
doing	 good	 science.	 Through	 use	 of	 the	 traditional	 scientific	 discourse,	 Zs	 and	 Te	









at	 times	 in	 which	 she	 was	 not	 compelled	 to	 negotiate	 a	 science	 identity.	 Under	 other	
conditions	 (which	would	be	explored	 later),	Ta	was	more	driven	 to	negotiate	an	 identity	
that	would	allow	her	to	be	recognized	as	a	skilled	science	student.	
Developmental	Transition	from	Non‐Traditional	to	Traditional	Scientific	Discourses	
Two	 students	 demonstrated	 developmental	 transitions	 from	 non‐traditional	
discourses,	 for	 example	 that	 of	 storytelling	 or	 hip	 hop	 discourses,	 to	 a	more	 traditional	
scientific	 discourse.	 Earlier	 on	 in	 Dn’s	 participation	 in	 TESJ,	 he	 presented	 his	 science	
project	 in	 a	 form	 that	 largely	 drew	 on	 a	 hip	 hop	 discourse.	 As	 a	 result	 of	 leadership	
opportunities,	by	 the	end	of	 the	 summer,	when	Dn	presented	another	 science	project	on	
behalf	of	his	team,	he	did	so	skillfully	through	the	use	of	a	traditional	scientific	discourse.	A	
second	 student,	 Dy,	 also	 demonstrated	 growth	 in	 her	 proficiency	 with	 a	 traditional	
scientific	discourse.	
Dn	did	not	negotiate	a	successful	science	identity	over	time,	but	did	have	leadership	
opportunities	 (which	would	be	 explored	 in	detailed	 later)	within	 the	 science	 community	
that	might	have	boosted	his	science	identity	formation	just	around	those	activities.	Two	of	
those	 activities	 included	 the	 designing	 and	 building	 of	 a	 hydroponics	 system	 and	 then,	
































(Peer‐teaching	 of	 hydroponics	 systems;	 shares	 his	 understanding	 of	 the	 scientific	
content):	
Dn:	So,	 this	 is	a	different	kind	of	system.	This	 is	a	drip	system.	“A	timer	controls	a	
submersed	 pump.	 The	 timer	 turns	 the	 pump	 on	 and	 nutrient	 solution	 is	 dripped	
onto	 the	 base	 of	 each	 plant	 by	 a	 small	 drip	 line.”	 This	 is	 the	 NFT	 system.	 “The	
nutrient	solution	 is	pumped	 into	 the	growing	 tray	 (usually	a	 tube)	and	 flows	over	
the	 roots	 of	 the	plants,	 and	 then	drains	 back	 into	 the	 reservoir.	 The	 is	 usually	 no	
medium	other	 than	air.”	This	 is	 the	Flood	Tray	 system.	 “This	 system	consists	of	 a	
tray	 that	 floods	 to	 saturate	 the	seedlings	before	draining.”	And	 the	Tower	system.	
“This	system	is	highly	efficient	and	allows	even	inexperienced	growers	to	produce	





while	having	easy	access	 to	each	plant.	 It	 is	energy	efficient	since	 it	only	uses	one	
pump	 and	 is	 spatially	 efficient.”	 That’s	 the	 beginning	 of	 it.	 We’re	 not	 fully	 done	












big,	 so	 plants	might	 be	 crunched	up	 together.	 And	 the	 light	 per	 plant	 because	 it’s	













































Dn:	What	we	did	at	 the	 farmer’s	market	was	basically	saw	the	different	prices	 for	
the	 fruits	and	vegetables	compared	to	regular	Shaw’s	 to	see	 if	 it	was	priced	more.	











like	 the	most	 simple	system.	And	 it	has	one	of	 the	best	 [inaudible]	 to	me.	And	 it’s	
easy	to	handle.	
Catherine:	[How	did	you	treat	the	aphids?]	





In	 the	 above	 summer	 presentation,	 Dn	 thoroughly	 set	 up	 the	 context	 and	
importance	of	their	hydroponics	(indoor	farming)	project	and	explained	the	various	types	
of	 hydroponics	 systems	 to	his	 peers.	 The	 group	did	not	 conduct	 an	 investigation.	Rather	
they	 designed	 a	 system.	 So,	 he	 also	 thoroughly	 explained	 the	 group’s	 design	 and	 the	
scientific	 reasoning	 underlying	 the	 design	 decisions.	 In	 contrast	 to	 his	 Spring	 Institute	
presentation,	 in	 which	 he	 overlooked	 project	 goals	 and	 evidence‐based	 findings,	 in	




over	 time	 as	 a	 result	 of	 leadership	 opportunities,	 satisfying	 peer	 relationships	 (to	 be	
discussed	later)	and	opportunities	to	enact	other	desirable	social	identities,	namely	a	“good	
student”	 identity.	 From	 the	 Spring	 2011	 to	 Summer	 2011	 Institute,	 like	 Dn,	 Dy	
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demonstrated	 a	 developmental	 transition	 from	 a	 non‐traditional	 to	 traditional	 scientific	
discourse.	During	the	Spring	Institute,	Dy	utilized	a	storytelling	discourse	to	communicate	








































collected	 how	 much	 lead	 was	 in	 the	 soil	 in	 different	 locations	 of	 it.	 We	 used	
Community	 Viz	 and	 Excel	 and	 Google	 Earth	 to	 graph	 the	 data.	 There	were	 a	 few	
procedures	during	 the	 collection	of	 the	 information	which	was	 to	wear	 shoes	and	
with	the	kit,	we	had	to	put	the	soil	into	solution	and	combine	it	with	another	liquid.	


















we	 put	 a	 lot	 of	 trees	 so	 that	 I	 could	 attract	 birds.”	 During	 the	 summer,	 however,	 Dy	
presented	 a	 summary	 argument,	 detailed	 research	 steps	 of	 the	 investigation	 conducted,	
and	more	 of	 her	 design	 decisions	 based	 on	 scientific	 understanding.	 Over	 time,	 Dy	 had	
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improved	 in	 her	 ability	 to	 engage	 in	 a	 traditional	 scientific	 discourse	 in	 communicating	
science	content	to	others.	
Summary:	 Developmental	 Transition	 from	 Non‐Traditional	 to	 Traditional	 Science	
Discourses	
Overall,	 both	 Dy	 and	 Dn	 developed	 in	 their	 ability	 to	 communicate	 their	 work	
through	 the	 use	 of	 a	 traditional	 scientific	 discourse	 from	a	 formerly	 non‐traditional	 one.	
Although	Dy	and	Dn	had	grown	in	their	use	of	a	traditional	scientific	discourse,	they	were	












inserted	 non‐traditional	 discourses	 within	 the	 traditional	 scientific	 discourse	 creating	




this	 plot	 of	 land	 and	 Ds	 and	 Zo	 branded	 their	 parks	 with	 various	 monikers,	 including,	
“Super	Mega	 Fun	 Time,”	 “Super	Mega	 Chill	 Time,”	 and	 “Swag‐tastic	 Voyage.”	 Along	with	
their	 unique	ways	 of	 communicating,	 all	 three	 students	 set	 the	 context	 of	 their	 projects,	
used	 data	 as	 evidence,	 made	 arguments	 for	 their	 site	 designs,	 and	 demonstrated	 their	
comprehension	of	the	scientific	phenomena.	In	other	words,	the	students	were	purposeful	
in	 their	 use	 of	 unique	 and	 non‐traditional	 language	 styles,	 while	 at	 the	 same	 time	























Qa:	 And	 actually,	 we	 have	 less,	 um,	 what	 do	 you	 call	 it?	 We	 have	 less	 pollution	
because	of	 the	cars.	That’s	ours	compared	to	the	others.	 I	 think	 it’s	because	of	 the	




































had	a	specific	way	 in	which	she	planned	to	present	her	argument	 for	 the	site	design.	She	
planned	 to	 have	 a	 “real	 talk”	 about	 the	 conditions	 of	 the	 site.	 She	 was	 additionally	
purposeful	in	her	switch	back	and	forth	between	traditional	and	non‐traditional	scientific	
discourses.	 Qa	 used	 a	 conversational	 form	 in	 order	 to	 set	 the	 context	 of	 the	 project,	 in	
setting	the	goal,	and	in	detailing	the	research	steps.	She	then	switched	to	a	more	traditional	




There	was	a	 shift	 towards	 a	more	 traditional	 scientific	discourse	over	 time,	 however,	 he	



























Ds:	 Data	 analysis.	 We	 analysed	 our	 data	 by	 putting	 our	 numbers	 such	 as	
temperature	and	site	 length	 into	Microsoft	Excel	 and	 turned	our	plotted	data	 into	










Ds	 [continues]:	 The	budget	we	 couldn’t	 exceed	was	 $22	million,	 out	 of	which,	we	






Ds:	 We	 were	 asked	 a	 question,	 I	 forgot.	 And	 the	 answer:	 “Yes,	 we	 think	 it	 is	









park	 right	 here,	 “Swag‐tastic	 Voyage.””	 He	 then	 switched	 back	 to	 the	 traditional	 form	 in	
detailing	the	research	steps,	presenting	the	research	findings	and	evidence,	and	making	a	
final	claim.	This	was	also	in	sharp	contrast	to	his	presentation	during	the	Spring	Institute	























And	 then	 after	 that	we	 started	working	 on	 projects	 and	 that’s	 how	 I	 got	 this	 [he	
signals	the	CV	design].	And	something	I	noticed	when	we	were	at	Madison,	I	noticed	






































During	 the	spring,	Ds	presented	some	of	 the	same	steps,	but	with	no	clear	goal	 to	





presented	 some	 scientific	 reasoning	 for	 his	 design	 decisions,	 but	 these	 contained	 some	
inaccuracy	(for	e.g.	“Trees	are	like	sound	proof.”	While	in	the	summer,	on	the	other	hand,	
Ds	 stated	 a	 clear	 goal,	 detailed	 his	 research	 steps,	 presented	 findings	 and	 evidence,	 and	





With	 Zo,	 on	 the	 other	 hand,	 his	 proficiency	 in	 the	 use	 of	 a	 traditional	 scientific	
discourse	 was	 lower	 than	 that	 of	 Ds.	 This	 might	 have	 likely	 been	 due	 to	 Ds’	 relative	
leadership	positionality	between	 the	 two,	 as	well	 as	 Zo’s	 fewer	opportunities	 to	practice	
the	use	of	 such	a	discourse	publicly.	Additionally,	had	he	not	worked	separately	 from	Ds	
over	 the	 summer,	 he	might	 not	 have	 been	 able	 to	 demonstrate	 his	 developing	 use	 of	 a	
traditional	 scientific	 discourse	 altogether.	 By	 the	 end	of	 the	 summer,	 Zo,	 like	Qa	 and	Ds,	















Zo:	 This	 is	 how	 we	 made	 the	 site	 better	 .	 .	 .	 [he	 reads	 from	 the	 slide]	 “indoor	
basketball	court,	game	center.	.	.	.	
	
(Attempt	 at	 communicating	 scientifically‐informed	 design	 decisions/insertion	 of	
youth	slang):	





were	 iPads,	 cameras,	 decibels,	 probes,	 pencil,	 paper	 and	 clip	 boards.	 First	 we	
learned	 how	 to	 find	 the	 surface	 temperature.	 Me,	 myself,	 I	 used	 the	 iPad.	 Mac	
recorded	 the	 data.	 And	Ni	 used	 the	 probe	 to	measure	 the	 temperature.	 Then	 our	



































power.”	 Weaknesses	 in	 his	 use	 of	 the	 traditional	 scientific	 discourse	 included	 his	
inadequate	 presentation	 of	 evidence,	 for	 e.g.	 “This	 is	 the	 building	 cost.	 We’re	 all	 high	
schoolers,	 so	 you’ll	 can	 read	 that,”	 the	 lack	 of	 evidence‐based	 claims	 in	 his	 closing	
argument,	as	well	as	presenting	it	as	a	conclusion	before	presenting	any	findings,	and	his	
inadequate	explanation	of	findings,	for	e.g.	“And	as	you	can	see,	the	further	we	are	from	the	
field,	 the	 larger	 it	 gets.	 And	 in	 the	middle	 of	 the	 field,	 that’s	 where	 the	 sound	 starts	 to	
decrease,”	 as	 the	 cause	 of	 the	 variation	 in	 the	 sound	 level	 was	 not	 explained.	 Overall,	
however,	 from	 not	 contributing	 to	 the	 presentation	 of	 the	 science	 project	 in	 the	 spring	
when	 he	 worked	 with	 Ds	 to	 presenting	 a	 sizable	 portion	 of	 the	 summer	 project,	 Zo	
demonstrated	 growth	 in	 his	 handle	 of	 a	 traditional	 scientific	 discourse,	 as	 well	 as	 his	
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unique	way	 of	 partaking	 in	 the	 scientific	 activity,	 thus	 negotiating	 a	 non‐traditional,	 but	
somewhat	successfully	recognized,	science	identity.	
Summary:	Hybrid	Discourses	
Overall,	 these	 three	 students,	 Qa,	 Ds,	 and	 Zo,	 communicated	 through	 the	 use	 of	
science	discourses	in	hybrid	and	individually	satisfying	ways.	Qa	told	her	story	of	needing	
to	take	care	of	the	site,	not	leaving	it	as	“	.	.	.	a	waste	of	space	.	.	.	”	while	also	demonstrating	
her	 science	 content	 knowledge.	 Ds	 and	 Zo	 also	 demonstrated	 their	 growing	 science	
understanding	and	presentation	skills,	while	maintaining	their	hip	hop	and	youth	culture.	
Their	developing	 communication	 skills	 in	 science	 contributed	 to	 their	overall	 developing	
science	identities,	i.e.	their	recognition	as	science	people.	
No	Notable	or	Demonstrated	Use	of	a	Scientific	Discourse	





these	 language	 issues,	 Ua	 also	 did	 not	 develop	 a	 science	 identity	 within	 the	 program	
although	she	had	STEM	career	interests.	She	did	not	perceive	the	program	as	satisfactorily	
aligned	with	 her	mathematical	 and	 engineering	 interests.	 There	was	 little	 data	 for	Ua	 in	










kinds	 of	 science	 people.	 In	 using	 the	 traditional	 scientific	 discourse,	 Zs,	 Te,	 Hg,	 and	 Ta	
performed	 the	 behaviors	 and	 social	 cues	 in	 attempts	 to	 communicate	 their	 skill	 and	
competence.	 Similarly,	Dy’s	 and	Dn’s	 growth	 in	 proficiency	with	 the	 traditional	 scientific	
discourse	also	allowed	them	to	be	interpreted	as	developing	members	of	a	science	practice.	
The	 students	 who	 made	 use	 of	 hybrid	 discourses,	 combining	 traditional	 and	 non‐
traditional	 discourses,	 including	 storytelling,	 hip	 hop,	 and	 youth	 culture,	 communicated	
their	skill	and	competence	in	science	on	their	own	terms,	maintaining	some	level	of	control	
over	the	kind	of	science	people	they	were	 interpreted	to	be.	 It	 is	also	noteworthy	that	as	
students	experimented	with	the	language	of	science,	they	were	not	penalized	or	scrutinized	
for	 taking	 up	 or	 attempting	 to	 take	 up	 the	 language	 science	 whether	 in	 a	 more	 or	 less	
traditional	 form.	 For	 instance,	 although	 Dn	 struggled	 with	 the	 word	 “substrate”	 in	
describing	his	hydroponics	system,	he	was	not	ridiculed	or	belittled	and	he	was	applauded	
for	 his	 presentation.	 Students	 showed	 interest	 in	 their	 peers’	work	 and,	 although	 asking	





Thus	 far,	what	has	been	presented	were	 the	 two	main	strategies	used	by	 the	high	
school	 students	 within	 TESJ	 in	 negotiating	 recognizable	 science	 identities.	 These	 were	
discursive	identity	development	and	language	use	in	science.	In	discursive	science	identity	
development,	the	students	participated	in	the	science	practice	in	ways	that	were	satisfying	
to	 them	 as	 these	 enabled	 them	 to	 communicate	 important	 messages	 about	 themselves.	
These	 messages	 were:	 (i)	 that	 they	 were	 smart	 and	 knowledgeable;	 (ii)	 that	 they	 were	
urban	and	ethnic	minority	youth;	(iii)	 that	 they	were	 funny	and	social;	and	(iv)	 that	 they	
were	committed	to	helping	others.	By	using	science	to	accomplish	these	goals,	the	students	
were	able	 to	maintain	some	control	of	who	 they	were	and	how	they	were	seen,	 i.e.	 their	
identities.	Furthermore,	 these	messages	were	communicated	while	partaking	 in	a	science	
practice.	As	they	were	recognized	both	on	their	terms	and	that	of	the	science	practice,	they	
negotiated	 identities	 that	 permitted	 them	 to	 be	 understood	 as	 specific	 kinds	 of	 science	





engaged	 in	 a	 focused	 science	 activity,	 presentation	 of	 their	 long‐term	 science	 projects.	
Some	 students	 used	 science	 in	 purposeful	 hybrid	 ways,	 for	 e.g.	 Qa,	 Ds,	 and	 Zo.	 They	






began	 in	 similar	 purposeful	 non‐traditional	 ways.	 For	 e.g.	 recall	 Dn’s	 earlier	 hip	 hop‐
inspired	 presentation	 in	 February	 and	 Dy’s	 storytelling	 presentation	 in	 March.	 As	 they	
continued	to	develop	in	the	practice,	however,	unlike	Qa,	Ds,	and	Zo,	they	appeared	to	see	
the	 traditional	 scientific	 discourse	 as	 the	 ideal	 or	 correct	way	 and	moved	 closer	 to	 that	
language	 pattern.	 By	 July,	 both	 Dn	 and	 Dy	 had	minimized	 their	 non‐traditional	 use	 of	 a	
scientific	 discourse	 and	 communicated	 in	 the	 much	 more	 straight‐forward	 traditionally	
scientific	way.	They	maintained	control	of	 their	 identification	 in	other	ways,	 for	 instance,	
continuing	 to	 communicate	 their	messages	 of	 intelligence,	 service,	 social	 popularity,	 and	
urban	 and	 ethnic	minority	 belonging.	 Similarly,	 although	 Zs,	 Te,	 Hg,	 and	 Ta	 discursively	
communicated	specific	messages	about	themselves	through	their	science	activities,	during	




In	 the	 sections	 that	 follow,	 I	 will	 discuss	 the	 factors	 that	 have	 been	 identified	 as	
successfully	supporting	students’	negotiation	of	recognizable	science	identities.	Across	the	







Positioning	and	relationships	amongst	 community	members	are	 important	 factors	
of	a	social	practice.	These	can	 influence	entry	 into	and	mobility	within	 the	community	of	
interest,	in	this	case	a	community	centered	on	science	activities	and	career	consideration.	
Within	TESJ,	 three	major	 characteristics	 of	 the	 students’	 positioning	 and	 relationships	 in	
relation	 to	 their	peers	and	 instructors	 supported	 their	development	of	 science	 identities.	
These	were:	(i)	leadership;	(ii)	kinship;	and	(iii)	friendship.	Those	students	with	consistent	
opportunities	 for	 leadership,	 kinship,	 or	 friendship	 experiences	 successfully	 negotiated	
science	 identities.	The	 impact	of	 these	 factors	have	been	 shown	 to	be	 important	 as	 even	
amongst	 those	 who	 did	 not	 eventually	 negotiate	 science	 identities,	 when	 permitted	
opportunities	for	leadership,	kinship,	or	friendship,	in	some	cases,	these	students	took	up	
the	behaviors	and	social	 cues	 that	afforded	 them	recognition	as	participating	 in	 the	TESJ	
practice;	 however,	 these	 behaviors	 and	 cues	were	 stand‐alone	 indicators	 of	 interest	 and	






the	 various	 STEM	 activities,	 recognizing	 their	 developing	 skills	 in	 STEM	 and	 with	 the	
technology	 and	 by	 formulating	 long‐term	 career	 plans	 for	 themselves	 in	 science.	
Additionally,	 two	 other	 students,	 Dn	 and	 Ta,	 were	 positioned	 as	 leaders	 in	 specific	
151	
	
activities,	 for	example	 in	public	presentations	of	 their	science	projects,	and,	as	such,	 took	
up	behaviors	 indicative	of	 science	 identities	during	 those	 specific	 activities.	During	 these	
specific	activities,	both	Dn	and	Ta	were	active	participants	 in	 the	science	community	and	
communicated	in	the	style	of	and	with	the	language	of	scientists.	Examples	of	each	of	these	
students’	 leadership	positioning	and	 the	effects	on	 their	 take	up	of	 science	 identities	 are	
presented	below.	
Zs	led	her	group	projects	and	presentations	and	was	often	called	on	by	her	peers	for	
















Zs	 began	 to	 grow	 in	 her	 self‐efficacy,	 i.e.	 her	 belief	 that	 she	 can	 successfully	






central	 in	 the	 STEM	activities.	 For	 instance,	 she	might	 be	 seen	 speaking	with	 and	 joking	
with	 her	 peers,	 but	 she	 was	 less	 turned	 on	 by	 the	 science.	 The	 following	 is	 a	 typical	












































She	was	called	on	often	by	Mr.	T,	her	STEM	 instructor,	 to	answer	questions	and	 to	work	
with	 the	more	 advanced	 technologies,	 such	 as	 the	 iPads	 and	 the	 GIS	 software.	 She	 also	
volunteered	 answers	 to	 questions	 and	 assisted	 the	 instructors,	 particularly	 around	 the	
technology.	 Over	 time,	 she	 was	 increasingly	 asked	 for	 assistance	 by	 peers.	 Additionally,	
although	she	continued	to	work	with	friends,	she	contributed	more	critically	and	valuably	














































basically	make	 a	 story	 out	 of	what	 happened	 by	 just	 looking	 at	 it.	 I	 also	want	 to	
study	 psychology,	 but	 .	 .	 .	 [laughs].	 .	 .	 .	 ‘cause	 basically	 I	 took	 a	 class	 at	 TESJ	
University	 in	psychology	and	 the	program,	 I	 guess	 it	was	new.	 .	 .	 .	 And	 they	were	










But	 if	 I'm	 not	 paying	 attention	 and	 I	 know	 nothing,	 I’ll	 feel	 so	 uncomfortable,	
honestly,	‘cause	I’ll	have	a	big	question	mark	in	my	head	the	whole	time.	
	
Dy	 was	 also	 very	 much	 a	 peer	 leader,	 although	 perhaps	 on	 a	 smaller	 scale	 as	





Sheron:	 Ok.	 And	 this	 program	 encourages	 the	 students	 to	 do	most	 of	 the	 talking.	





Sheron:	Rating	yourself	 from	zero	being	absolutely	not	 comfortable	and	 ten	being	
absolutely	comfortable,	how	would	you	rate	yourself?	
Dy:	Ten.		













the	 end	 of	 the	 summer,	 however,	 Te	 was	 also	 nominated	 to	 represent	 her	 peers	 at	 a	
national	research	conference	hosted	by	TESJ’s	host	university	along	with	Zs	and	Qa.	At	this	

















result	 of	 the	 various	 experiences	 she	 stated	 above,	 such	 as	 learning	 about	 the	 different	




role	 of	 a	 scientist	 and	 took	 up	 the	 appropriate	 discourse	 competently.	 Dn	was	 provided	
with	an	opportunity	 for	 leadership	experiences	 in	 science	which	resulted	 in	a	 temporary	
boost	in	recognition	as	a	science	person.	He	presented	one	of	two	senior	projects	focused	
on	hydroponics	on	behalf	of	his	group.	He	demonstrated	fluency	and	proficiency	with	the	


















Dn:	So,	 this	 is	a	different	kind	of	system.	This	 is	a	drip	system.	“A	timer	controls	a	
submersed	 pump.	 The	 timer	 turns	 the	 pump	 on	 and	 nutrient	 solution	 is	 dripped	
onto	 the	 base	 of	 each	 plant	 by	 a	 small	 drip	 line.”	 This	 is	 the	 NFT	 system.	 “The	
nutrient	solution	 is	pumped	 into	 the	growing	 tray	 (usually	a	 tube)	and	 flows	over	
the	 roots	 of	 the	plants,	 and	 then	drains	 back	 into	 the	 reservoir.	 The	 is	 usually	 no	
medium	other	 than	air.”	This	 is	 the	Flood	Tray	 system.	 “This	 system	consists	of	 a	
tray	 that	 floods	 to	 saturate	 the	seedlings	before	draining.”	And	 the	Tower	system.	
“This	system	is	highly	efficient	and	allows	even	inexperienced	growers	to	produce	





while	having	easy	access	 to	each	plant.	 It	 is	energy	efficient	since	 it	only	uses	one	
pump	 and	 is	 spatially	 efficient.”	 That’s	 the	 beginning	 of	 it.	 We’re	 not	 fully	 done	












big,	 so	 plants	might	 be	 crunched	up	 together.	 And	 the	 light	 per	 plant	 because	 it’s	







(Initial	 argument	 of	 their	 project;	 design	 decisions	 based	 on	 scientific	
understanding):	
Dn:	Why	the	Big	S?	“In	the	amount	of	time	that	we	had,	we	came	up	with	many	ideas,	



































Dn:	What	we	did	at	 the	 farmer’s	market	was	basically	saw	the	different	prices	 for	
the	 fruits	and	vegetables	compared	to	regular	Shaw’s	 to	see	 if	 it	was	priced	more.	















market,	 we	 asked	 what	 they	 did	 and	 one	 of	 the	 farmers	 told	 me	 that	 they	 used	
flowers	 .	 .	 .	but	we	wouldn’t	have	enough	time	for	that.	So,	we	went	online	and	we	
saw	that	peppers	work	because	it	basically	[burns]	them.	
	





















































In	 the	 data	 above,	 Te	 was	 overtly	 positioned	 as	 a	 peer	 leader	 at	 the	 research	
conference,	 along	 with	 Zs	 and	 Qa.	 Zs	 additionally	 led	 her	 small	 group	 projects	 and	 her	
friends	often	asked	her	for	help	when	they	were	having	challenges	with	the	technology.	Qa	
was	called	on	by	peers	and	instructors	in	STEM	activities,	as	well	as	stepped	up	or	offered	





Te’s	 engineering	 career	 interests	were	 cemented.	 Qa	 changed	 from	 a	 quiet	 student	who	
barely	 participated	 and	 who	 did	 not	 contribute	 significantly	 to	 the	 development	 of	 the	
group	science	projects	to	one	who	stepped	up	to	help	both	her	peers	and	her	instructors	in	





that	 I	 have	 and	 I	 understand	 the	 most	 out	 of	 everything	 else.”	 The	 positive	 effects	 of	
leadership	experiences	on	 supporting	 students’	negotiation	of	 science	 identities	was	also	
demonstrated	in	the	impact	of	stand‐alone	leadership	opportunities	on	Dn’s	and	Ta’s	short‐




It	 is	 noteworthy	 that	 all	 of	 the	 students,	 with	 the	 exception	 of	 Dn,	 who	 were	
positioned	 as	 leaders	 and	 experienced	 growth	 in	 their	 science	 identity	 negotiation	 as	 a	
result	of	this	leadership	were	girls.	Four	other	students,	one	female	and	three	males,	were	
not	 positioned	 as	 leaders	 in	 the	 above	 ways	 in	 the	 STEM	 activities	 by	 their	 peers	 or	
instructors.	Some	grew	in	their	science	 identity	negotiation	over	time,	namely	Ds	and	Zo,	
for	 reasons	 other	 than	 leadership,	 for	 instance	 significant	 social	 interactions,	 student	
ownership,	and	the	opportunity	to	engage	in	other	kinds	of	satisfying	social	relationships.	





immigration,	 negative	 stereotyping,	 and	 discrimination	 at	 school,	 created	 hybrid	 third	
spaces	in	which	they	could	engage	closely	with	others	who	were	ethnically	and	culturally	
similar	to	themselves	while	participating	in	the	TESJ	activities.	Beyond	being	able	to	engage	
in	 satisfying	 and	 protective	 social	 relationships	 with	 similar	 others,	 these	 students	
benefited	 from	 working	 within	 their	 close‐knit	 peer	 group	 in	 a	 number	 of	 ways.	 These	
included:	(i)	that	the	group	provided	a	safe	and	protective	space	for	the	students	to	partake	
in	 and	experiment	with	 the	STEM	activities;	 (ii)	 that	 group	membership	 facilitated	entry	
into	the	larger	STEM	community	by	supporting	the	students’	understanding	of	English;	and	





First,	 I	will	 discuss	 the	 role	 of	 cultural	 kinship	 in	 providing	 a	 safe	 and	 protective	





science	 community.	 In	 the	 first,	 Te	 worked	 with	 her	 ethnically	 similar	 friends.	 She	 was	














































In	 the	 above	 case,	 Te	 was	 actively	 involved,	 understood	 the	 tasks,	 and	 was	 seen	
having	fun	while	she	worked.	She	was	seen	as	competent	and	skillful	 in	the	practice.	Te’s	
participation	was	quite	different	some	weeks	later	when	she	was	separated	from	her	usual	
peer	group.	First,	 she	did	not	want	 to	 speak	at	all,	offering	 to	agree	with	everything	 that	
was	already	said,	saying,	“All	what	they	said.”	After	some	time,	she	obliged	briefly,	and	then	









Zs:	 [We	 were	 .	 .	 .	 ]	 sent	 off	 to	 different	 places	 in	 Boston	 and	 used	 different	


















Te:	Well,	 ok.	Being	 in	TESJ	 basically	made	me	want	 to	major	 in	 one	of	 the	 [STEM	











had	 those	 social	 opportunities,	 Te’s	 behavior	would	 have	 been	more	 consistently	 as	 the	
soft‐spoken,	 withdrawn	 type	 shown	 above	 in	 the	 last	 event	 and	 she	 might	 have	 never	
successfully	negotiated	a	recognizable	science	identity.	
In	another	case	of	cultural	kinship,	Ua,	who	had	negotiated	a	successful	TESJ	science	
identity,	 participated	 much	 more	 actively	 than	 usual	 and	 performed	 the	 behaviors	 that	
allowed	 her	 to	 be	 recognized	 as	 a	 member	 of	 the	 larger	 science	 community	 when	 she	
worked	within	her	 smaller	peer	 group.	 Similarly,	Ua	benefited	 from	a	 socially	protective	

































(as	 she	was	not	 sure	of	 the	answer)	was	unlike	Ua’s	usual	 timid	and	marginali	behavior.	
She	appeared	 interested	and	participated	 in	 the	scientific	 reasoning	and	problem‐solving	
activity.		
Support	in	Students’	Use	of	English	
Group	 membership	 also	 facilitated	 participation	 in	 the	 science	 activities	 by	
supporting	each	other’s	use	and	understanding	of	English.	Ua,	in	the	following	excerpt,	not	




































































































































On	another	occasion,	when	Mr.	T	 led	 the	class	 in	aggregating	 the	data	collected	 in	
























a	 science	 identity	 either	 consistently	 over	 time	 or	 around	 specific,	 isolated	 events.	 For	
instance,	Te	would	have	 likely	not	been	able	 to	negotiate	 a	 recognizable	 science	 identity	
had	she	not	worked	within	her	protective	cultural	kinship	group.	The	only	behaviors	and	
social	 cues	 that	 she	 would	 been	 seen	 performing	 would	 be	 those	 of	 a	 shy,	 soft‐spoken	











when	 satisfied,	 this	 supported	 science	 community	 participation	 and	 identification.	
According	to	Basu	and	Barton	(2007),	urban	minority	youth’s	interest	in	science	activities	
was	 sustained	 when	 the	 activities	 satisfy	 desirable	 social	 relationships.	 Friendships,	
particularly	within	voluntary,	after‐school	programs,	are	important	relationships	that	need	
attention.	 Opportunities	 to	 engage	 with	 existing	 and	 developing	 friendships	 while	
participating	in	the	TESJ	science	community	successfully	sustained	many	students’	interest	
in	the	program.	For	instance,	Dn	did	not	come	to	TESJ	for	the	science	learning	experiences,	
but	was	 so	 fulfilled	 socially	when	 he	 attended	 the	 program	 that	 he	 continued	 attending	
regularly.	Simply	put,	Dn	said,	“Every	time	I	come	here,	I	[am]	happy”	(February,	2011).		
In	 addition	 to	 simply	 enjoying	 the	 time	 spent	 participating	 in	 a	 science	 learning	
community,	 the	 students	 also	 benefited	 from	 co‐operative	 peer	 relationships	 that	













































In	 having	 fun	 together	 and	 voluntarily	 prolonging	 their	 STEM	 project,	 Ds	 and	 Zo	





For	 instance,	 the	 prospect	 of	 forming	 friendships	 encouraged	 the	 students	 to	 attend	 the	
program.	Once	 in	 the	program,	 in	 some	cases,	 these	 relationships	were	sufficient	 to	hold	
the	 students’	 interests.	 Once	 regular	 program	 attendees,	 the	 hope	was	 that	 the	 students	
will	do	and	become	interested	in	science.	Additionally,	friendships	encouraged	students	to	
work	cooperatively	with	each	other	and	permitted	peer‐teaching	opportunities	around	the	
science	 activities.	 Finally,	 friendships	 also	 prolonged	 the	 students’	 engagement	 in	 their	






Overall,	 across	 the	 participants,	 specific	 kinds	 of	 relationships	 and	 interactions	
amongst	the	students	and,	sometimes,	the	instructors	have	been	identified	as	important	in	
supporting	 student	 science	 identity	negotiation.	 Specifically,	 as	 have	been	presented	 and	
argued	 using	 the	 data	 above,	 leadership	 positioning	 and	 opportunities,	 protective	 and	
instrumentally	 supportive	 (i.e.	 the	 relationship	 helps	 an	 individual	 in	 accomplishing	 a	




Within	 TESJ,	 the	 students	 were	 exposed	 to	 numerous	 practicing	 scientists,	 STEM	
professionals,	and	other	kind	of	professionals	throughout	the	year.	These	were	 in‐person	
meetings	 through	 career	 panels,	 round	 table	 discussions	 and	 field	 trips,	 for	 e.g.	 to	
community	 development	 corporations	 (CDCs),	 as	 well	 as	 video	 presentations	 of	 notable	
speakers,	 for	 e.g.	 Majora	 Carter,	 a	 renowned	 social	 and	 environmental	 activist.	 The	







Three	main	 trajectories	 in	 student	 negotiation	 of	 science	 identities	 as	 a	 result	 of	
these	 significant	 social	 interactions	 were	 uncovered.	 These	 included	 the	 transformative	
expansion	 of	 the	 identities	 that	 some	 students	 negotiated	 in	 TESJ,	 the	 gradual	 (less	




First,	 some	 students	 experienced	 transformative	 expansion	 of	 their	 science	
identities	 as	 a	 result	 of	 exposure	 to	 new	 perspectives	 and	 conversations	 surrounding	
science,	 as	 well	 as	 growth	 in	 specific	 STEM	 career	 knowledge	 with	 respect	 to	 newly	
interesting	careers.	These	students	were	exposed	 to	pathways	and	possibilities	 that	 they	
did	 not	 think	were	 possible	 or	 even	 existed	 prior	 to	 experiences	with	 these	 individuals.	
















































All	 of	 the	 interactions	 listed	 above,	 together	 with	 additional	 experiences	 in	 TESJ,	
facilitated	Qa’s	growth	in	self‐confidence	with	respect	to	science	and	her	consideration	of	
science	 careers	 for	 herself.	 Another	 student,	 Ds,	 was	 also	 inspired	 by	 a	 role	 model	 in	
science.	 The	 students	 saw	 a	 video	 speech	 of	 social	 and	 environmental	 activist,	 Majora	
Carter,	 in	which	 she	 talked	 about	 her	 urban	 development	 projects	 in	 South	 Bronx,	 New	

















Amongst	 a	 second	group	of	 students,	 the	 experiences	were	not	 as	 transformative.	
Rather,	these	were	ongoing	development	of	the	science	identities	that	students	negotiated.	
This	ongoing	development	resulted	from	growth	in	the	students’	knowledge	with	respect	
to	 their	 specific	 STEM	 career	 interests.	 Through	 interactions	with	 the	 STEM	 role	models	
and	mentors,	the	students	were	able	to	fill	some	holes	of	questioning	and	uncertainty.	For	
instance,	 Te	 had	 long‐term	 career	 interests	 in	 STEM,	 but	was	 still	 undecided	 and	 lacked	
some	 specific	 knowledge.	 Through	 TESJ,	 specifically	 her	 conversations	 with	 STEM	











Te:	Well,	 ok.	Being	 in	TESJ	 basically	made	me	want	 to	major	 in	 one	of	 the	 [STEM	





















watching	 where	 they	 do	 all	 those	 bodies,	 most	 of	 those	 people	 are	 called	
pathologists	to	determine	cause	of	death	.	.	.	and	pathologists	are	medical	doctors	.	.	.	
so	you	have	to	go	to	4	years	of	college,	4	years	of	medical	school,	1	year	of	internship	
























and	 skills	 in	 video	 game	 design,	 Zo	 uncharacteristically	 spoke	 up,	 proactively	 asking	








actually	a	biology	program	 .	 .	 .	 but	 if	 you	have	 some	skills	 from	one	 field	and	you	
want	 to	 apply	 them	 in	 another	 field,	 that’s	 really	 beneficial.	 .	 .	 .	 so	 when	 I	 was	
applying	to	this	biology	program,	they	saw	that	I	could	do	computer	programming	
and	the	math	that	the	biologists	didn’t	really	know	and	I	knew	some	biology.	.	.	.	I’d	




Mh:	 So,	 you	 have	 to	 learn	 the	 very	 basics	 of	 how	 to	 write	 a	 computer	 program.	
That’s	getting	easier	and	easier	every	day.	So	pick	a	system	that’s	relatively	easy	.	.	.	




back	 your	 desktop	 that	 your	 little	 brother	 interfered	with.	 But	 there	 are	 tutorials	
about	programming	on	the	internet	that	you	can	download.	
	

















Zo	 was	 immediately	 engaged	 by	 Mh’s	 knowledge	 of	 video	 game	 design	 and	




Not	all	 social	 interactions	between	students	and	science	mentors	and	 role	models	





program	 and	 not	 the	 result	 of	 significant	 social	 interactions	 within	 the	 program.	 For	
instance,	 both	 Ta	 and	 Hg	 derived	 interests	 in	 medicine	 as	 a	 result	 of	 family	 members	
modeling	 medical	 careers,	 experiences	 caring	 for	 younger	 siblings	 and	 cousins,	 and	 the	












Ta	 did	 not	 see	 the	 information	 shared	by	 these	 individuals	 as	 contributing	 to	 her	
own	 career	 plans	 nor	 did	 she	 consider	 alternative	 STEM	 perspectives.	 Hg,	 on	 the	 other	
hand,	 conducted	 his	 own	 research	 into	 medical	 school	 and	 had	 plans	 to	 identify	 more	
resources:	
July	2010:	
Every	 day	 on	 the	 computer,	 I	 try	 to	 learn	more,	 like,	 I	 do	 some	 research	 to	 learn	
more	 about	 why,	 what	 I	 am	 going	 to	 do	 in	 the	 future.	 Every	 day	 I	 am	 on	 the	

















the	 role	models	 and	mentors	 recruited	 for	TESJ,	 so	 instead	he	 continued	 to	negotiate	 an	




negotiation	 of	 science	 identities.	 The	 significant	 social	 interactions	 between	 the	 students	
and	 the	mentors/role	models	 supported	 this	 development	 through	 the	 expansion	 of	 the	
students’	 perceived	 possibilities	 for	 themselves	 in	 science.	 These	 included	 Qa’s	
conversation	with	 the	psychology	 professor	 about	medicating	 children,	 her	 conversation	
with	Mr.	C	about	choosing	career	enjoyment	over	money,	and	listening	to	Dr.	M	talk	about	
his	 struggles	 with	 dyslexia	 during	 his	 childhood	 and	 when	 dealing	 with	 mathematical	
equations	in	his	career	and	Ds	learning	about	the	significant	impact	that	people	can	have	in	






were	 structured	 and	purposeful,	 set	 up	 in	 the	 form	of	 career	 roundtables	 and	panels.	 In	









derive	 more	 enjoyment	 from	 them.	 Furthermore,	 by	 performing	 these	 behaviors,	 i.e.	
positive	 affect,	 active	 participation,	 and	 STEM	 skills	 development,	 they	 presented	
themselves	 such	 that	 they	 were	 interpreted	 as	 competent	members	 of	 the	 TESJ	 science	
practice.	














Qa	valued	her	accomplishment,	 indicated	by	her	desire	 to	 share	her	 findings	with	
someone.	This	would	only	benefit	her	skill	and	knowledge	growth	around	the	activity	and	
allow	her	 to	be	 seen	as	 a	 successful	 science	 student.	Qa	was	 also	 very	 committed	 to	her	
188	
	
project	 and	 the	 actual	 city	 lot	 on	which	 they	worked.	 She	 showed	 this	 as	 she	was	 very	





































Ta:	 So,	 well,	 our	 project	 is	 about	 Madison	 Park.	 [She	 is	 suddenly	 animated	 and	
appears	proud	to	present	her	work.]	That	was	the	site	that,	where	we	went	to	[She	
signals.]	That’s	how	 it	was…	a	 lot	of	 trash	around.	And	 then,	 it	was	empty.	So,	we	
made	a	design.	We	put	buildings	with	a	lot	of	green	space	to	prevent	air	pollution.	
And	we	think	our	design	is	better	because	it	has	less	buildings	and	more	green	space	
to	 prevent	 pollution	which	 causes	many	 health	 problems	 and	 stuff	 like	 that.	 And	
there	was	less	cars	going	around	[she	signals	the	vehicle	trips	per	day	chart],	so	that	





Like	 Qa,	 Ta	 was	 excited	 to	 share	 her	 work	 with	 others.	 The	 girls	 made	 multiple	
purposeful	 decisions	 in	 planning	 and	 executing	 their	 work	 and	 were	 proud	 of	 their	
accomplishments.	Instructors	functioned	as	facilitators	and	technology	supporters,	i.e.	they	
answered	 questions	 about	 clarifying	 the	 overall	 activity	 goals,	 formatively	 evaluated	 the	
students’	developing	project	both	with	and	without	requests	from	students,	and	provided	
instructional	 and	 technical	 support	 to	 the	 students	 in	 accomplishing	 various	 design	 and	


















recognition.	She	showed	this	by	shouting	out,	 “Where’s	mine?	Mine	 is	beautiful,	 too.”	She	
also	 pointed	 out	 that	 she	was	meticulous	 in	 checking	 spelling	 errors	 by	 using	Microsoft	
Word.	Later	on	that	morning,	Dy	defended	her	poster	from	critiques	from	other	students.	



























as	 later	on	 that	day,	 she	was	 seen	asking	her	other	 teammates	about	adding	graphs.	 She	
took	 the	 constructive	 criticism	 and	 aimed	 to	 improve	 her	 group’s	 project,	 rather	 than	


























project.	He	 stated,	 “	 .	 .	 .	 this	 is	our	place.	 .	 .	 .	We	wanna	 live	 there.”	Again,	 in	order	 to	be	
driven	to	negotiate	an	identity	with	respect	to	a	practice,	one	needs	to	see	that	practice	as	
meaningful	 and	 worth	 becoming	 a	 recognized	 member.	 Other	 students,	 namely	 Ua,	







Nn:	 The	 reason	why	we	 did	 our	 project	 was	 because	 sometimes	when	 you	 build	
houses,	you	don’t	put	trees	in	them	and	the	trees	help	us	in	life.	You	know?		
Ua:	And	we	share	the	[she	signals]	














certain	 decisions	 in	 her	 urban	 design	 plan	 and	 poster	 presentation	 to	 communicate	 the	
importance	 of	 green	 space	 and	 ensured	 that	 this	 was	 noticed	 and	 understood.	 The	
responsibility	 and	 independence	 students	 enacted	 with	 respect	 to	 their	 STEM	 projects	
supported	confidence	 in	 the	knowledge	and	skills	 that	 they	gained	 from	the	activities.	As	
the	students	became	more	knowledgeable	and	competent,	not	only	will	they	be	recognized	
as	more	central	members	of	the	science	practice,	but	they	would	also	grow	further	in	their	














In	 the	 above	 response,	 in	 saying	 that	 “	 .	 .	 .	 I	 actually	 know	 what	 I’m	 doing	 for	
Madison	Park.	 .	 .	 .	 So,	 I	would	have	 the	knowledge	 to	 tell	 an	adult	what	we’re	doing,”	Qa	
acknowledged	her	confidence	in	what	she	knew	in	terms	of	content,	as	well	as	in	skill	(“	.	.	.	
what	we’re	measuring.”)	
Similarly,	 Dy	 responded	 quickly	 and	 with	 great	 confidence	 when	 asked	 to	 rate	







Sheron:	Rating	yourself	 from	zero	being	absolutely	not	 comfortable	and	 ten	being	
absolutely	comfortable,	how	would	you	rate	yourself?	
Dy:	Ten.		







Dy	 responded,	 without	 hesitation,	 that	 regardless	 of	 her	 audience,	 students,	









the	 students	 became	 more	 engaged	 in	 the	 practice,	 visibly	 enjoyed	 the	 activities,	 and	
developed	the	relevant	skills	and	knowledge.	These	behaviors	and	cues	allowed	them	to	be	











































by	 three	 of	 the	 four	 students	 above.	What	 they	 learned	 in	 the	 program	was	 considered	




The	 students	 entered	 the	 program	 with	 a	 range	 of	 background	 experiences	 and	
future	 plans	 with	 respect	 to	 STEM,	 but	 their	 responses	 were	 commonly	 positive.	 For	




long‐term	match	 for	 them	 personally.	Most	 significantly,	 these	 students	 did	 not	 outright	




























Finally,	 despite	 variations	 in	 the	 students’	 predisposition	 to	 engagement	 in	 the	





identity	was	 students’	development	of	 STEM	career	plans.	This	had	 to	 go	beyond	 simply	
stating	an	 interest	 in	a	 STEM	area.	As	 such,	 in	 the	 section	 that	 follows,	 I	will	discuss	 the	
ways	 behaviors	 and	 social	 cues	 that	 students	 used,	 along	 with	 agency,	 in	 order	 to	 be	
identified	as	seriously	considering	STEM	careers.	Furthermore,	a	distinction	was	detected	












in	 which	 engineers	 spoke	 so	 passionately	 about	 their	 careers	 at	 the	 career	 panels.	 Zs	
enjoyed	 an	 animal	 dissection	 activity	 in	 her	 freshman	 year	 of	 high	 school	 and	 became	
inspired	to	pursue	forensics.	Finally,	both	Zo	and	Ds	enjoyed	video	gaming	and	computer	
technology.	 These	 students	 spoke	 about	 considering	 or	 pursuing	 these	 STEM	 careers	
because	 these	 will	 bring	 enjoyment	 to	 their	 lives.	 These	 students	 were	 passionately	
motivated	 to	 pursue	 their	 STEM	 career	 interests.	 It	 is	 noteworthy,	 as	 well	 that	 these	
students	all	successfully	negotiated	TESJ	science	identities.	
Pragmatic	STEM	Career	Interests	
Another	 group	 of	 students	 also	 demonstrated	 their	 serious,	 long‐term	 career	
interests	in	STEM	fields	by	describing	these	career	interests	as	being	developed	since	they	
were	 young	 children.	Three	 things	 are	noteworthy	 about	 this	 group.	 First,	 none	of	 these	
students	successfully	negotiated	TESJ	science	identities.	Second,	all	of	these	students	were	
interested	 in	medical	 careers.	And,	 third,	 family	members	modeled	participation	 in	 these	
medical	 careers	and	strongly	encouraged	 the	students	 to	pursue	 these	pathways.	Hg,	Ua,	
and	Ta	all	had	family	members	who	were	doctors	or	nurses	who	urged	them	to	aspire	to	be	
medical	professionals.	This	was	the	case	even	when	Ua	talked	about	her	interest	 in	other	
careers,	such	as	 fashion	design.	Furthermore,	Hg	talked	about	their	belief	 in	the	 lucrative	
financial	earnings	from	becoming	a	doctor	and	Ua	talked	about	the	job	stability	afforded	by	
becoming	 a	 nurse.	 Beyond	 the	 role	models	 in	 nursing	 and	 the	 encouragement	 by	 family	
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members,	 Ta	 also	 described	 enjoying	 caring	 for	 younger	 family	 members	 as	 an	 early	
experience	that	shaped	her	career	interest.	Finally,	these	students	did	not	discuss	the	sheer	
enjoyment	 or	 expectation	 of	 enjoyment	 in	medical	 careers.	 Given	 the	 practical	 nature	 of	
these	students’	interest	in	medicine,	i.e.	high	pay	and	job	stability,	and	the	absence	of	talk	
about	enjoying	medical	 topics,	 shows,	or	activities,	 these	students	were	considered	 to	be	
pragmatically	motivated	to	pursue	their	STEM	career	interests.		
Summary:	STEM	Career	Development	
Overall,	 serious	 STEM	 career	 interests	were	demonstrated	by	 students	 describing	




passionate	 STEM	 career	 interests	 had	 successfully	 negotiated	 science	 identities	 in	 TESJ,	
while	 those	 who	 demonstrated	 pragmatic	 STEM	 career	 interests	 did	 not	 negotiate	
successful	science	identities;	however,	successful	negotiation	of	a	science	 identity	did	not	
mean	 that	 the	 student’s	 STEM	 career	 interest	was	 interpreted	 as	 a	well‐established	 one	
that	 indicated	a	 likely	move	toward	that	specific	career.	For	instance,	Dy	had	successfully	
negotiated	 a	 science	 identity,	 but	 had	only	 stated	her	 interest	 in	medicine	 in	 an	 isolated	















performances	 of	 these	 behaviors	 and	 social	 cues	 were	 not	 sufficient	 in	 order	 for	 the	
students	to	be	identified	as	science	students	or	future	scientists.	
Two	strategies	have	been	identified	as	being	used	by	students	in	negotiating	science	
identities.	 These	were	 discursive	 identity	 development	 and	 language	 use	 in	 science.	 The	
students	used	agency	 in	behaving,	 interacting,	and	using	 the	 language	of	 science	 in	ways	
that	 allowed	 them	 to	 communicate	 specific	 messages	 about	 themselves	 and	 to	 present	
themselves	as	 certain	kinds	of	 science	students.	Messages	 included	 that	 they	were	smart	
and	 knowledgeable,	 they	 were	 urban	 and	 ethnic	 minority	 youth,	 they	 were	 funny	 and	
social,	 and	 they	were	 committed	 to	 helping	 others.	 The	 language	 of	 science	was	 used	 in	




Additionally,	 three	 factors	have	been	 found	 to	be	 supportive	of	 successful	 science	
identity	negotiation.	These	were	peer	dynamics,	which	included	leadership	opportunities,	
cultural	 kinship,	 and	 friendship;	 significant	 social	 interactions	 between	 the	 students	 and	
STEM	 role	 models	 and	 mentors;	 and	 student	 ownership	 over	 their	 work	 in	 science.	
Significant	 social	 interactions	 permitted	 expansion	 of	 the	 possibilities	 students	 saw	 for	
themselves	 in	 science,	 as	 well	 as	 growth	 in	 their	 STEM	 career	 knowledge.	 Student	
ownership	encouraged	 the	students	 to	be	responsible	and	committed	 to	 their	work,	 thus	
perceiving	the	TESJ	practice	as	meaningful	and	valuable	enough	to	be	driven	to	negotiate	
recognizable	identities	in	relation	to	it.	
Following	 this,	 I	 presented	 data	 in	 regards	 to	 the	 students’	 reactions	 to	 being	
presented	 with	 a	 science	 practice	 in	 which	 they	 could	 be	 involved.	 First,	 the	 students	
mostly	 approached	 the	 practice	 and	 its	 specific	 topics	 with	 open‐mindedness.	 Secondly,	
this	open‐mindedness	was	largely	maintained	despite	STEM	not	being	a	 long‐term	career	
match	for	them	personally.	
Lastly,	 the	 students	 performed	 specific	 behaviors	 that	 indicated	 their	 serious	
consideration	 of	 STEM	 career	 pathways.	 One	 group	 described	 their	 interest	 in	 various	
STEM	careers	as	 the	result	of	an	 inspiring	or	 transformative	experience	around	a	related	
activity,	 enjoyment	 of	 the	 activity,	 or	 a	 positive	 perception	 of	 the	 career.	 These	 students	
focused	 on	 the	 enjoyment	 of	 their	 potential	 careers	 or	 on	 an	 inspiring	 event.	 These	
students	were	passionately	motivated	 to	pursue	 STEM	careers.	Another	 group	described	
their	 STEM	 career	 interests	 as	 being	 developed	 since	 they	 were	 young	 children,	 as	 the	























Ten	 individual	 analytical	 “stories”	of	 identity	negotiation	within	 the	 informal	TESJ	
science	 practice	 have	 been	 determined	 by	 means	 of	 the	 research	 methods	 detailed	 in	
Chapter	 3.	 In	 order	 to	 demonstrate	 how	 the	 students	 made	 use	 of	 the	 strategies	 of	
discursive	 identity	development	and	 language	use	 in	science,	as	well	as	the	 impact	of	 the	
three	 factors	 (peer	 dynamics,	 significant	 social	 interactions,	 and	 student	 ownership	 in	
science)	 that	 supported	 successful	 science	 identity	 negotiation,	 all	 developed	 in	 the	
previous	 sections	 of	 Chapter	 4,	 four	 of	 the	 ten	 individual	 cases	 will	 be	 presented	 in	 a	
condensed	form	in	the	upcoming	sections.		
The	 cases	 that	 follow	 will	 describe	 four	 different	 science	 identity	 negotiation	
pathways	 for	 participants	 in	 TESJ.	 Three	 of	 these	 students	 eventually	 negotiated	
recognizable	 TESJ	 science	 identities,	 while	 one	 student	 did	 not.	 How	 they	 used	 the	
strategies	and	factors	will	be	described	briefly.	
Across	all	 four	cases,	the	students	negotiated	discursive	science	 identities	 in	order	
to	communicate	various	messages	about	themselves	through	the	use	of	agency	within	the	
limits	 of	 the	 TESJ	 science	 practice.	 Additionally,	 their	 use	 of	 language	 was	 important	 in	
supporting	the	messages	they	wished	to	communicate,	as	well	as	in	maintaining	autonomy	
in	 the	 science	 identities	 they	 negotiated,	 i.e.	 the	 students’	 conformed	 to	 traditional	







At	 the	 start	 of	 her	 time	 in	 TESJ,	 Qa	 was	 friendly	 and	 outspoken;	 however,	 she	 was	 not	
particularly	 interested	 in	 science.	 Rather,	 she	 would	 often	 speak	 about	 her	 school	
experiences.	 During	 the	 program’s	 science	 activities,	 Qa	 was	 visibly	 uninterested	 and	





the	roles	of	peer	and	student	 leader;	she	was	a	consistent	active	participant	 in	 the	STEM	
activities;	and	she	had	identified	a	number	of	STEM	career	pathways	for	herself.	Overall,	Qa	
appeared	to	successfully	merge	and	satisfy	a	number	of	interests	through	potential	STEM	





psychology	 was	 sparked	 by	 a	 college‐level	 psychology	 course	 that	 she	 visited	 one	 day	
through	a	“shadow	day”	experience	through	TESJ.	She	 felt	 that	children	were	being	over‐
medicated	and	was	compelled	to	raise	this	point	in	the	class.	Motivated	to	further	work	in	
this	 regard,	 Qa	 now	 considers	 a	 career	 in	 psychology.	 Qa	 was	 still	 not	 in	 love	 with	
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technology.	She	still	 remarked,	 “I	do	not	 like	computers,”	 to	one	of	 the	 instructors	at	 the	
end	of	 the	Summer	 Institute;	but	Qa	had	demonstrated	significant	growth	 in	 the	 identity	
she	 negotiated	 within	 TESJ,	 as	 well	 as	 with	 her	 interests	 and	 competence	 in	 science	
practice	and	the	perspective	she	held	about	STEM.		
This	transformation,	Qa’s	negotiation	of	a	TESJ	science	identity,	was	the	result	of	a	
shift	 in	 peer	 dynamics	 that	 permitted	 opportunities	 for	 leadership,	 significant	 social	
interactions	with	a	psychology	professor,	a	computer	engineer,	and	a	guidance	counselor,	









and	 adult	mentors	while	 providing	 a	 context	 in	which	 Zs’	 confidence	 and	 self‐efficacy	 in	
STEM	had	 increased.	 Furthermore,	 she	 learned	 new	 STEM	 content	 knowledge	 and	 skills	
and	 had	 opportunities	 to	 further	 explore	 her	 STEM	 career	 interest,	 forensic	 pathology.	
Significant	 to	Zs’	 science	 identity	negotiation	were	 leadership	opportunities	 in	which	her	
peers	 often	 called	 on	 her	 for	 help	with	 the	 science	 projects	 or	 expected	 her	 to	 lead	 the	








language	 of	 science,	 she	 used	 a	 traditional	 scientific	 discourse	 relatively	 proficiently,	
further	demonstrating	her	skill	and	competence	in	the	TESJ	science	practice.	
Ds	
Ds	was	 a	 freshman,	 African	 American	male.	 Prior	 to	 TESJ,	 Ds	 had	 clearly	 defined	
STEM	educational	and	career	goals.	He	had	planned	to	go	to	MIT	for	engineering	and	hoped	
to	 design	 video	 games	 or	 work	 in	 the	mechanical	 engineering	 or	 computer	 engineering	
fields.	He	was	seen	thoroughly	enjoying	his	 time	 in	TESJ	and	discussed	his	enjoyment,	as	
well,	 despite	 being	 first	 drawn	 to	 TESJ	 by	 the	 financial	 compensation.	 He	 was	 quickly	




identity	 development,	 what	was	most	 interesting	was	 his	 insertion	 of	 unique	 aspects	 of	
himself	 centrally	 into	 the	 TESJ	 practice	 such	 that	 these	 became	 commonly	 recognized.	
These	unique	 identities	 included	an	enterprising	mogul,	 a	ninja,	 and	a	 “hood”	 rapper.	He	
also	used	the	language	of	science	in	a	non‐traditional	hybrid	way	that	incorporated	youth	
culture	and	hip	hop	slang.	Together	 these	strategies	communicated	 the	messages	 that	Ds	
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was	 a	 smart	 student,	 from	 an	 urban,	 ethnic	minority	 background,	 and	was	 a	 funny	 and	
social	kid.	These	were	 important	 to	him	as	he	described	 feeling	 “cool”	and	 “smart”	as	he	
participated	in	TESJ.	Significant	social	interactions,	particularly	learning	about	the	work	of	








Ta	was	a	Haitian	 female	 in	her	 sophomore	year	of	high	 school.	 She	 learned	about	
TESJ	 from	a	teacher	and	saw	it	as	a	good	program	to	 learn	about	and	prepare	for	college	
and	 to	 learn	 to	 work	 in	 groups.	 Early	 on	 in	 the	 TESJ	 program,	 Ta	 discussed	 her	 career	
aspirations	of	becoming	a	pediatrician.	Ta	became	interested	in	pediatrics	early	on	in	life	as	
a	 result	 of	 the	 role	 model	 influence	 of	 her	 mother	 as	 a	 STEM	 professional	 role	 model,	
specifically	 a	 nurse,	 a	 desire	 to	 help	 people,	 and	 childhood	 experiences	 with	 caring	 for	
young	 children	 in	her	 family.	 Furthermore,	medical	 careers	were	highly	 esteemed	 in	her	
family	 and	 culture.	 Throughout	 the	 year,	 however,	 Ta	 did	 not	 perceive	 of	 the	 STEM	 and	
career	development	activities	as	valuable	to	her	or	as	connected	to	her	medical	goals.	She	





friendship	 and	 cultural	 kinship.	 Throughout	 the	 year,	 Ta’s	 participation	 in	 the	 STEM	
activities	was	dependent	on	her	ability	to	work	and	socialize	with	her	friends.	When	able	to	
work	 with	 friends	 and	 close	 peers,	 Ta	 became	 more	 active	 and	 central	 in	 the	 various	
activities,	thus	being	able	to	demonstrate	her	growing	STEM	skills	and	content	knowledge.	
Student	 ownership	 was	 also	 significant	 to	 Ta’s	 participation	 as	 when	 able	 to	 publicly	
present	what	 she	had	accomplished,	 she	was	much	more	 visibly	happy	 and	driven	 to	be	





was	capable	of	doing	good	work	or	using	 the	 language	of	 science	proficiently	as	 she	had	
produced	a	good	community	 redesign	project	and	presented	 it	well;	however,	 she	would	










The	 research	 question	 guiding	 this	 study	 was,	 “By	 examining	 various	 genres	 of	
discourse,	 with	 a	 particular	 focus	 on	 language,	 what	 kinds	 of	 identities	 do	 students	
negotiate	with	respect	to	a	specific	science	practice?”	I	was	interested	in	investigating	the	
ways	 in	which	 students	 developed	 science	 identities	 by	negotiating	 their	 student	 agency	
and	the	available	behaviors	and	social	cues	within	a	science	practice,	namely	an	 informal	





or	sustained	STEM	career	 interests.	 In	this	chapter,	 I	will	discuss	the	research	findings	 in	
light	of	these	questions.		
The	students	in	the	TESJ	science	education	program	interacted	within	the	program	
in	 a	 number	 of	 diverse	ways	 that	 incorporated	 and	 communicated	 important	 aspects	 of	
themselves	 and	 of	 their	 interests	 within	 the	 limits	 of	 the	 program.	 The	 motivations	
underlying	the	students’	authoring	of	these	various	discursive	identities	ranged	widely	and	
were	 connected	 to	 personally	 meaningful	 goals	 and	 experiences.	 These	 included	
experimentation	with	 future	 STEM	 professions	 and	 communication	 of	 specific	messages	
about	 themselves,	 including	 that	 they	were	 committed	 to	 helping	 others,	 that	 they	were	




in	 the	science	practice,	 in	order	to	present	 themselves	as	certain	kinds	of	science	people.	
The	students	ranged	in	the	level	of	purposefulness	in	their	science	identity	negotiation.		
Furthermore,	three	characteristics	of	the	TESJ	practice	supported	successful	science	
identity	 negotiation	 amongst	 the	 students.	 These	 were	 specific	 kinds	 of	 peer	 dynamics,	
specifically	opportunities	for	leadership,	cultural	kinship,	and	socializing	and	collaboration	
with	 friends,	 significant	 social	 interactions	 between	 the	 students	 and	 role	 models	 and	
mentors	in	science,	and	students’	ownership	over	their	work	in	science.	
Discursive	Identity	Development	and	Language	Use	in	Science	
The	 strategies	 of	 discursive	 identity	 development	 and	 language	 use	 in	 science	
permitted	the	students	to	participate	in	science	and	perform	available	behaviors	and	social	
cues	on	their	terms,	thus	maintaining	some	level	of	control	over	the	kind	of	science	people	




Furman	 &	 Barton,	 2006;	 Tan	 &	 Barton,	 2008a).	 This	 is	 notable	 as	 Barton’s	 science	
education	 interventions	 are	 informed	 by	 progressive	 educational	 perspectives,	 including	
identity	research,	and	thus	can	be	considered	exemplary.		
This	 comparison	 to	 Barton	 is	 furthermore	 notable	 since	 her	 and	 her	 colleagues’	




of	 diversity	 in	 the	 identities	 that	 high	 school	 students	 authored	with	 respect	 to	 the	TESJ	
science	 community	 might	 be	 due	 to	 the	 informal	 setting	 of	 TESJ	 which	 makes	 non‐
traditional	ways	of	interacting	and	identifying	with	science	inherently	more	expected	and	
acceptable;	however,	this	level	of	diversity	is	significant	as	at	the	high	school	level,	interest	
and	 curiosity	 in	 regards	 to	 science,	 when	 considering	 a	 cross‐section	 of	 students,	 has	
already	 begun	 to	 steadily	 decrease	 from	 the	middle	 school	 level	 (Fouad	 &	 Smith,	 1996;	
Gibson	&	Chase,	2002).	 In	high	 school,	 intrinsic	 interest	 and	 self‐motivation	 in	 science	 is	
maintained	largely	from	interventions	(J.	E.	Stake	&	Mares,	2005),	social	supports	and	role	
models	 (Aschbacher,	 et	 al.,	 2010;	 Hill,	 Pettus,	 &	 Hedin,	 1990)	 ,	 focused	 STEM	 academic	
programs	 (Fouad,	 1995),	 etc.	 Without	 these,	 many	 high	 school	 students’	 attitudes	 in	
regards	to	STEM	range	from	more	indifferent	to	negative,	especially	with	girls	and	ethnic	
minority	students	(Business‐Higher	Education	Forum,	2011;	Hill,	et	al.,	1990;	Miller,	et	al.,	









within	 the	 discourse	 of	 science	 in	 order	 to	 manage	 the	 cultural	 conflict	 resulting	 from	
assimilating	 to	 school‐sanctioned	 practices	 and	 ways	 of	 performing.	 Specifically,	 Brown	
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argued	 that	 the	 acclimation	 to	 a	 traditional	 discourse	 of	 science	 or	 “school	 science”	was	
representative	 of	 assimilation	 into	 mainstream	 American	 society.	 For	 ethnic	 minorities,	
this	 can	 signify	 a	 loss	 of	 one’s	 ethnic	 identity,	 a	 significant	 cultural	 conflict.	 As	 such,	 in	
resisting	 cultural	 assimilation,	 the	 low‐income	 ethnic	 minority	 students	 also	 resisted	
school	 practices	 and	 the	 science	 identification	 processes	 associated	 with	 these.	 In	 my	




to	Brown’s	 formal	classroom,	 the	 informal	TESJ	setting	might	have	permitted	playful	and	
less	risky	experimentation	with	the	behaviors	within	the	science	practice.		
It	 is	 noted,	 again	 however,	 that	 the	 TESJ	 program	was	 a	 voluntary	 weekend	 and	
school	vacation	program	while,	in	Brown’s	(2004)	study,	the	students	were	in	mandatory	
science	 class.	 As	 such,	 the	 students	 in	my	 current	 study	might	 likely	 be	more	 narrowly	
distributed	 towards	 the	 higher	 end	 of	 the	 interest	 and	 motivation	 spectrum,	 while	 in	
Brown’s	 study,	 the	 students	 were	 likely	 more	 widely	 distributed	 from	 higher	 to	 lower	











engagement	 in	 STEM	 (Ryan	&	Deci,	 2000;	Basu	&	Barton,	 2007).	According	 to	Ryan	 and	
Deci,	activities	that	permit	individuals	to	interact	with	others	in	ways	that	make	them	feel	
as	part	of	 the	group	or	 the	 community,	 along	with	 individuals’	 sense	of	 self‐efficacy,	 and	
autonomy	 with	 respect	 to	 the	 activities,	 encourage	 intrinsic	 or	 self‐driven	 motivation	
regarding	 participation	 in	 the	 activities.	 In	 other	 words,	 when	 intrinsically	 motivated,	
people	are	not	driven	to	participate	by	some	external	goal	or	reward,	but	are	motivated	by	
enjoyment	 in	 the	 activities	 in	 and	 of	 themselves.	 Similarly,	 Basu	 and	Barton	 argued	 that	
students	are	motivated	to	participate	in	science	provided	that	the	activities	permit	them	to	
engage	 in	positive,	desirable,	or	 satisfying	kinds	of	 social	 interactions.	These	motivations	
arise	 from	 the	 students’	 lived	 cultural	 experiences.	 For	 instance,	 in	 Basu	 and	 Barton’s	
study,	 one	 student’s	 mother	 valued	 helping	 people	 and,	 so,	 the	 young	 man	 engaged	 in	
science	in	ways	that	permitted	him	to	help	his	peers.	Another	student’s	mother	prioritized	
education	 amongst	 her	 children	 and	 encouraged	 them	 to	 remain	 disciplined,	 ignoring	
misbehaving	others.	This	 student	was	seen	 to	work	almost	exclusively	with	a	 close	peer,	
barely	interacting	with	others;	however,	this	benefited	his	disciplined	and	focused	science	
learning.		
My	 findings	 are	 consistent	with	 the	 above	 studies,	 i.e.	when	 engaged	 in	 desirable	
social	relationships,	the	students	in	my	study	were	more	active	participants	in	the	science	
activities	 which	 supported	 science	 entity	 negotiation.	 Furthermore,	 the	 findings	 in	 my	
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shows	 what	 kinds	 of	 relationships	 are	 important,	 instead	 of	 that	 relationships	 are	
important.	 My	 study	 thus	 extends	 Basu	 and	 Barton’s	 (2007)	 findings	 to	 specify,	 when	
designing	 science	 education	 learning	 environments,	 exactly	 what	 kinds	 of	 social	
relationships	 are	 important	 in	 student	 science	 identity	 negotiation,	 namely	 leadership,	
cultural	kinship,	and	friendship.	
Furthermore,	based	on	cursory	searches	of	the	education	research	literature,	while	
social	 connectedness	 and	 friendship	 have	 already	 been	 established	 as	 important,	 the	
impact	of	leadership	opportunities	and	cultural	kinship	experiences	during	participation	in	
science	 are	 under‐researched.	 Leadership	 research	 in	 education	 often	 focuses	 on	
educational	 administration,	 for	 e.g.	 (Robinson,	 Lloyd	 ,	&	Rowe,	 2008);	 however,	Tan	 and	
Barton’s	(2008a)	case	study	of	Melanie,	a	sixth	grade	girl	who	moved	from	very	marginal	
participation	 in	 the	classroom	to	one	of	 confidence	and	enthusiasm,	might	have	 involved	
leadership	and	kinship.	For	instance,	Melanie’s	instructor	encouraged	her	use	of	narratives	
in	 explaining	 and	 answering	 questions	 in	 the	 science	 classroom	 and	 drew	 from	 these	 in	
further	 teaching.	 He	 elevated	 her	 “…narrative	 authority	 to	 epistemic	 authority,	 and…	
[created]	 new	 and	 different	 figured	worlds	 that	 helped	 to	 legitimize	 the	 kinds	 of	 capital	
Melanie	 brought	 to	 bear	 in	 science	 class”	 (p.	 584).	 This	 public	 use	 and	 modeling	 of	
Melanie’s	knowledge	might	be	seen	as	the	instructor	positioning	her	temporarily	as	a	peer	




my	 study,	 the	 relationships	 based	 on	 kinship	 provided	 similar	 benefits,	 although	 in	 my	
study	the	shared	ethnic	and	cultural	background	was	critical	factor.		
Given	 the	 differences	 in	 the	 quality	 of	 curriculum	 and	 instruction	 within	 low‐
income,	 urban	 schools	 compared	 to	 wealthier	 suburban	 schools	 (Apple,	 2004;	 Kozol,	
1992),	low‐income,	ethnic	minority	students	might	not	have	as	many	opportunities	to	take	
up	leadership	roles	in	their	science	activities	as	students	in	wealthier	districts.	With	respect	
to	 cultural	 kinship,	 experiences	 unique	 to	 low‐income,	 ethnic	 minorities	 such	 as	
immigration	 for	 social	 mobility	 and	 the	 associated	 hardships	 and	 stigmas	 with	
immigration,	 for	 instance	 limited	 English	 language	 proficiency	 and	 discrimination,	might	
present	 important	 and	 unique	 considerations	 for	 low‐income,	 ethnic	 minority,	 urban	
science	students.	As	such,	these	two	particular	social	interactions,	leadership	and	kinship,	












been	 facilitated	 by	 the	 STEM	professionals	 and	 other	mentors	 serving	 as	 “ambassadors”	





“at‐risk”	 students	 exhibited	 resilience,	 persisted	 in	 their	 educational	 journeys	 and	
“advanced	 [financially	 and	 socially]	 out	of	poverty.”	Through	 “ambassador”‐like	mentors,	
the	youth	in	her	study	all	had	access	to	middle	class	capital	and	habitus	(Bourdieu,	1977),	
i.e.	 financial	 resources,	 social	 connections	and	certain	 taken‐for‐granted	ways	of	 thinking	
and	acting,	for	e.g.	exerting	assertiveness	over	one’s	educational	experiences	and	choices.	
Specifically,	 these	 mentors	 helped	 the	 students	 get	 access	 to	 enrolment	 in	 a	 higher‐
performing	 school	 outside	 of	 their	 low‐performing	 neighborhood	 district,	 financial	
assistance	to	attend	private	schools	or	finance	college	and,	finally,	assertive	representation	
for	 access	 to	 a	 specialized	 educational	 plan	 to	 manage	 road	 blocks,	 such	 as	 unplanned	
pregnancy.	 In	 my	 study,	 through	 involvement	 in	 the	 program,	 the	 students	 were	 all	
presented	 with	 the	 same	 opportunity	 to	 learn	 from	 various	 STEM	 career	 professionals.	
Some	 students	 enhanced	 their	 opportunity	 to	 learn	 about	 the	 science	 community	 by	
proactively	 asking	 questions	 within	 the	 whole	 group	 setting,	 within	 small	 round	 table	
conversations,	 and	 through	 one‐on‐one	 conversations.	 Similar	 to	 Abelev,	 these	 mentors	
served	 as	 bridges	 to	 a	 more	 foreign	 community,	 a	 professional	 STEM	 career,	 giving	
students	 insider	perspectives	and	bringing	 them	closer	 to	 learning	what	 it	 takes	 to	enter	








Villarejo,	 Barlow,	 Kogan,	 Veazey	 and	 Sweeney’s	 (2008)	 study	 determined	 that	
undergraduate	 research	 experiences	 were	 important,	 transformative	 experiences	 for	
undergraduate	 students	 in	 encouraging	 their	 ultimate	 decision	 to	 pursue	 Ph.Ds.	 in	
biomedical	 research.	 These	 research	 opportunities	 broadened	 the	 students’	 views	 of	
science	and	engaged	them	over	the	long‐term	in	important	ways	that	could	not	be	achieved	
with	 formal	 classroom	 instruction	 alone.	 Interacting	 with	 adult	 mentors	 also	 provided	
students	 with	 more	 grounded	 and	 tangible	 understandings	 of	 science,	 critical	 in	 the	
undergraduates’	 persistence	 in	 science.	 In	 the	 present	 study,	 the	 students	 might	 have	





identified	 as	 a	 positively	motivating	 factor	 for	 engaging	 in	 science	 amongst	 low‐income,	
ethnic	minority	students	(Barton,	1998;	Furman	&	Barton,	2006).	This	student	ownership	





their	 local	 city	 environment	 as	 a	 starting	 point	 for	 scientific	 study.	 She	 identified	 this	
shared	concern	through	initial	conversations	with	the	students	about	what	were	important	
and	pressing	issues	in	their	lives.	Building	from	there,	with	Barton’s	guidance,	the	students	
first	 collected	 data	 amongst	 their	 group	 based	 on	 first‐hand	 observation,	 then	 gathered	
more	data	by	conducting	 library	research	and	surveying	 the	members	of	 the	community,	
asking	questions	 such	as,	 “How	do	you	 feel	 about	where	you	 live	or	work?	What	kind	of	
pollution	bothers	you	most?	Do	you	think	the	gas	station	creates	pollution?	Do	you	create	
pollution?”	Based	on	the	data	collected,	the	students	then	developed	plans	to	clean	up	and	
improve	 their	 neighborhoods,	 including	 picking	 up	 trash	 on	 the	 street,	 recycling	 and	
planting	 vegetables	 and	 flowers.	 The	 science	 activities	 were	 structured	 around	 the	
students’	 voiced	 concerns	 and	 driven	 by	 the	 students	 themselves.	 This	 encouraged	 and	
sustained	the	students’	interest	in	the	activities,	opening	possibilities	for	long‐term	identity	
negotiation	in	science.		
The	 TESJ	 program	was	 structured	 in	 ways	 to	 encourage	 student	 ownership	 over	
their	projects,	seeing	them	as	authentic	community	projects	in	which	they,	as	students	and	
community	members,	would	have	had	a	significant	say	in	the	development	process	and	the	
resulting	 products	would	 directly	 impact	 their	 lives.	 The	 STEM	 activities,	 as	 open‐ended	
inquiry	 projects	 in	 which	 students	 had	 the	 freedom	 to	 design	 their	 sites	 however	 they	
wished	 emphasizing	 environmental	 conservation,	 economic	 development,	 social	 services	
or	any	combination	of	these,	promoted	student	choice	and	self‐direction	in	their	learning.	
Furthermore,	the	scientific	work	was	focused	on	local	communities	in	which	the	students	
and	 their	 families	 lived	 or	 spent	 time	 as	 opposed	 to	 settings	 with	 which	 they	 were	 not	
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familiar	or	connected	or	communities	 to	which	 they	had	 to	 travel	 far	 in	order	 to	visit.	 In	
taking	responsibility	for	their	work,	the	students	would	have	come	to	see	their	work	in	the	
science	 practice	 as	 valuable	 and	 meaningful,	 thus	 making	 integration	 into	 the	 practice	
similarly	valuable	and	meaningful.	Finally,	encouraging	student	ownership	over	their	work	
and,	as	such	responsibility	and	independence	with	respect	to	the	STEM	skills	and	activities	
may	 also	 have	 encouraged	 students’	 self‐recognition	 as	 knowledgeable	 experts	 in	 their	
work.	 Self‐acknowledged	 expert	 statuses	 also	 might	 likely	 have	 contributed	 to	 further	
science	identity	negotiation,	science	self‐efficacy	and	confidence	in	science.	
Open‐Minded	Reactions	to	the	TESJ	Science	Practice	
Another	 encouraging	 finding	 was	 the	 students’	 open‐mindedness	 and	 positive	
reactions	 towards	 science	 in	 the	 TESJ	 program.	 The	 students	 valued	 or	 at	 least	
acknowledged	 the	 importance	of	STEM	and	of	 taking	part	 in	 the	various	STEM	activities.	
Even	amongst	those	students	who	did	not	have	STEM	career	interests	or	did	not	perceive	a	
match	 between	 their	 interests	 and	 the	 program’s	 activities,	 they	 still	 demonstrated	
remarkable	 open‐mindedness	 with	 respect	 to	 STEM.	 For	 instance,	 despite	 Ds	 having	
computer	engineering	career	 interests,	he	acknowledged	his	valuing	of	and	confidence	 in	
the	STEM	skills	he	acquired	as	a	result	of	participation	in	TESJ.	










Encouraging	 students	 to	 envision	 broadened	 possibilities	 for	 themselves	 in	 self‐
driven	ways	is	a	significant	implication	for	urban	education.		
STEM	Interest	and	Career	Development	
Students	 indicated	 their	 serious	 consideration	 of	 several	 STEM	 careers	 in	 specific	
ways,	 namely	 by	 describing	 their	 STEM	 career	 interests	 as	 the	 result	 of	 inspiring	 or	
transformative	 experiences	 around	 related	 activities,	 enjoyment	 of	 the	 activities,	 or	 a	





pleasure	 they	 would	 derive	 from	 participation.	 On	 the	 other	 hand,	 a	 second	 group	 was	





A	 social	 justice	 rationale	 underlies	 the	 STEM	 focus	 in	 the	 program	 design.	 First,	
STEM	education	 is	 a	 critically	 important	 field	of	 study	 for	 students	despite	 future	 career	
interests	 as	 reviewed	 in	 Chapter	 1.	 Thus,	 ensuring	 that	 the	 students	 have	 strong	 STEM	
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educational	 foundations	 is	 extremely	 important.	 STEM	 careers	 provided	 plentiful	
employment	 opportunities,	 as	 well	 as	 access	 to	 socioeconomic	 mobility	 and	 career	
advancement.	This	supports	social	justice	efforts	for	more	equitable	distribution	of	social,	
financial,	and	cultural	resources,	as	well	as	empowerment	and	self‐determination	for	low‐







to	 truly	 consider	 whether	 or	 not	 they	 were	 interested	 in	 STEM	 careers.	 From	 these	
experiences,	 some	of	 the	students	had	come	 to	see	new	perspectives	 in	STEM,	science	 in	
particular.	They	discussed	coming	 to	 realize	 that	 science	can	be	 fun	and	 interesting;	 that	
they	can	be	satisfied	in	science;	and	that	they	could	be	successful	in	science.	For	instance,	




options.	 The	 other	 students	 solidified	 their	 pre‐existing	 STEM	 career	 interests.	 These	
included	Te’s	engineering	interest,	Zo	and	Ds’	video	game	design	and	engineering	interests,	





increased	 in	 science	 career	 interests,	 but	 STEM	 career	 interests	 and	 non‐STEM	 career	
interests	 each	 remained	 intact.	 The	 ability	 for	 informal	 science	 interventions	 to	 enhance	
students’	STEM	career	interests	is,	therefore,	still	possible	with	some	limitations.	
Finally,	despite	the	program’s	STEM	focus,	there	was	not	a	high	level	of	pressure	for	
students	 to	 choose	 STEM	 careers	 or	 to	 pretend	 to	 pursue	 STEM	 careers.	 Rather,	 the	
program	encouraged	students	to	consider	whether	STEM	could	be	a	viable	and	satisfying	
pathway	for	them.	Additionally,	recall	the	underlying	principles	of	the	program	design	that	
acknowledged	 and	 affirmed	 the	 students’	 lived	 experiences	 and	made	 those	 experiences	
central	 in	 the	 various	 sessions	 in	 the	 program.	The	program	was	designed	based	 on	 the	
principles	 of	 youth	 voice	 and	 empowerment	 and	 regularly	 discussed	 issues	 of	 race,	
ethnicity,	culture	and	power	related	to	being	an	ethnic	minority	in	the	U.S.	There	was,	as	a	
result,	a	strong	valuing	of	the	students	as	they	are	and	no	real	pressure	for	them	to	change	
or	 adapt.	 The	 students	 were	 thus	 comfortable	 evaluating	 STEM	 honestly,	 for	 instance	





The	 findings	 uncovered	with	 respect	 to	 discursive	 science	 identity	 formation	 and	




discourse	 or	 community	 is	 based	 on	 the	 personally	 meaningful	 connections	 they	 make	
within	 science	 and	 this	 engagement	 and	 participation	 differs	 based	 on	 what	 aspects	 of	
themselves	 individuals	 choose	 to	 forefront	or	perform.	The	 findings	with	 respect	 to	peer	
dynamics,	 significant	 social	 interactions	 around	STEM	and	 student	 ownership	 in	 science,	
however,	 extend	 the	 research	 literature.	 First,	 the	 findings	 on	 peer	 dynamics	 identifies	
what	 kinds	 of	 social	 relationships	 within	 science	 learning	 communities	 can	 promote	
science	 identity	 negotiation	 amongst	 low‐income,	 ethnic	minority	 students.	 The	 findings	
regarding	 significant	 social	 interactions	 and	 student	 ownership	 in	 science	 identify	
successful	 design	 features	 of	 science	 learning	 communities	 that	 also	 promote	 sustained	
engagement	and	identity	negotiation	in	science.	Finally,	encouraging	from	this	study	is	the	

















what	 they	 gain	 or	 lose	 from	 this	 participation.	 To	 investigate	 research	 in	 identity	
negotiation/development,	studies	must	be	long‐term	and	should	examine	multiple	genres	




language,	 skills,	 technology	use	 and	affiliated	groups.	Only	 a	handful	 of	 researchers	have	
conducted	 similar	 long‐term	 investigations	 of	 science	 identity	 negotiation/development	
(for	e.g.	Barton,	1998;	Barton,	2008;	Brandt,	2008;	Brickhouse	&	Potter,	2001;		Brickhouse,	
2000;	Brown,	2004;	Eisenhart	&	Edwards,	2004;	O’Neill	&	Barton,	2005;	Rosebery,	Warren	
&	Conant,	 1992;	Tan	&	Barton,	 2008a;	 Tan	&	Barton,	 2008b).	 Similarly,	 few	 researchers	
have	 looked	 across	 the	 use	 of	 multiple	 genres	 of	 discourses	 in	 identity	
negotiation/development	 (Barton	 &	 Tan,	 2010;	 Barton,	 Tan	 &	 Rivet,	 2008;	 Furman	 &	
Barton,	 2006;	 Brandt,	 2008;	 Brickhouse,	 Lowery	 &	 Schultz,	 2000;	 Brickhouse	 &	 Potter,	
2001;	 Barton	 &	 Yang,	 2000;	 Seiler,	 Tobin	 &	 Sokolic,	 2001;	 Tan	 &	 Barton,	 2008a;	 Tan	 &	
Barton,	 2008b).	 As	 such,	 the	 present	 study	 contributes	 to	 a	 much	 needed	 area	 of	
scholarship.	 Furthermore,	 with	 the	 confidence	 in	 findings	 acquired	 from	 multi‐faceted,	
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long‐term	and	 in‐depth	 research,	 this	 study	 can	 contribute	 to	 theoretical	model	 building	
around	student	science	identity	negotiation.	As	of	now,	freedom	for	discursivity	in	identity	
formation,	leadership,	cultural	and	social	connections,	student	ownership	over	one’s	work	
in	 STEM,	 growth	 in	 specific	 STEM	 career	 knowledge	 and	 transformative	 experiences	 in	
science	 have	 been	 identified	 as	 important	 factors	 within	 this	 informal	 science	 learning	
context.	 This	 overlaps	 with	 and	 adds	 to	 the	 literature	 on	 science	 identity	




The	 research	problem	driving	 this	 study	was	 that	 there	 is	 a	dearth	of	 educational	
structures	and	strategies	 that	can	 increase	 the	number	of	 interested	and	competent	 low‐
income,	ethnic	minority	students	 in	science	 in	equitable	and	empowering	ways.	Falk	and	
Dierking	(2010)	have	argued	the	importance	of	out‐of‐school	learning	opportunities	as	one	
major	 factor	 underlying	 the	 achievement	 gap	 in	 science	 between	 low‐income	 and	 ethnic	
minority	 students	 as	 compared	 to	middle	 and	 upper	middle	 class,	White	 students.	 They	
based	their	argument	on	the	premise	of	lifelong	learning	and	the	fact	that	Americans	spend	
most	of	their	lives	outside	of	school.	Low‐income	students	in	urban	areas,	often	from	ethnic	
minority	 backgrounds,	 lack	 access	 to	 informal	 learning	 facilities	 such	 as	museums,	 zoos	
and	Boys	and	Girls	Clubs	in	which	high	quality,	sustained	science	learning	takes	place.	This	
underscores	 the	 importance	 of	 programs	 such	 as	 TESJ	 for	 addressing	 equity	 and	




identity	 negotiation	 processes.	 Furthermore,	 the	 findings	 from	 this	 study	 on	 an	 out‐of‐
school	 science	 learning	 environment	 were	 consistent	 with	 the	 positive	 and	 important	
effects	 of	 out‐of‐school	 learning	 argued	 by	 Falk	 and	 Dierking	 (2010);	 therefore,	 specific	
program	designs	of	the	TESJ	informal	science	learning	environment	should	be	infused	into	
formal	school	science	education	settings.		




permitting	 their	 ownership	 and	 say	 over	 their	 work.	 The	 informal	 setting,	 purposefully	
designed	 to	not	 resemble	 formal	 school	 practices,	 for	 instance	by	making	 student	 choice	
and	 voice	 central,	 minimizing	 lectures	 and	 keeping	 activities	 light	 and	 fun,	 was	 also	
important	in	permitting	students’	playful	and	less	risky	participation	in	science.		
In	Brown’s	(2004)	study	focused	on	a	formal	science	classroom,	some	students	were	
reprimanded	by	 their	peers	when	attempting	 to	engage	 in	a	 science	discourse.	This	 shut	
down	 further	 attempts	 at	 science	 identity	 negotiation.	 Brown	 argued	 that	 this	 was	
attributed	 to	 the	 message	 taken	 up	 by	 low‐income	 ethnic	 minority	 students	 that	





less	 of	 a	 forced	 acclimation,	 permit	much	more	 equitable	 access	 to	 and	 development	 in	
science	and	thus	are	important	resources	for	underserved	student	populations.	
Out‐of‐School	Science	Program	Design	and	Development:	
Given	 the	 importance	 of	 out‐of‐school	 science	 programs,	 the	 present	 research	
findings	can	also	 inform	 the	design	of	 such	programs	 from	a	science	 identity	negotiation	
perspective.	 For	 instance,	 the	 activities,	 structure	 and	 expectations	 of	 such	 programs	
should	 be	 conducive	 to	 students	 engaging	 in	 science	 in	 personally	 meaningful	 ways,	
accommodating	and	encouraging	 students’	 interests	and	 individuality.	 Instruction	 should	
also	 be	 tailored	 to	 recognize	 and	 facilitate	 students’	 unique	 ways	 of	 relating	 to	 and	
engaging	with	the	science	community	and	discourse.	STEM	instructors	for	these	programs	
should	 also	 be	 trained	 to	 facilitate	 and	 respond	 to	 this	 kind	 of	 student	 engagement	 in	
science.	 This	 would	 require	 understanding	 of	 the	 science	 content,	 as	 well	 as	 training	 in	
cross‐cultural	 competence	 (J.	 P.	 Johnson,	 Lenartowicz,	&	Apud,	2006),	 i.e.	 one’s	 ability	 to	
adapt,	 through	 the	 use	 of	 knowledge,	 skills	 and	 one’s	 personal	 attributes,	 in	 order	 to	
effectively	work	or	communicate	with	people	 from	different	cultures,	 in	 this	case	science	
students.		Although	this	definition	was	derived	from	international	business,	which	involves	
frequent	 cross‐cultural	 communication	 and	 interaction,	 these	 skills	 and	 dispositions	 are	
important	 in	 the	 field	 of	 education.	 Specifically,	 STEM	 instructors	 should	 be	 able	 to	
recognize	individual	and	group	level	differences	as	strengths	or	as	based	on	differences	in	
lived	experiences	and,	although	 the	 instructors	might	not	be	able	 to	relate	 to	all	of	 these	




The	 program	 must	 also	 be	 long‐term	 and	 immersive	 in	 nature	 in	 order	 for	
meaningful	 changes	 to	 take	place	 in	one’s	 sense	of	 self	 and	 in	understanding	 the	 type	of	
person	she	communicates	herself	 to	be.	Additionally,	 the	program	should	be	a	safe	space	






promoting	 interest	 and	 participation	 in	 science	 should	 be	 emphasized.	 These	 would	
include	 leadership	opportunities,	 collaborative	and	social	opportunities	as	students	work	
and	 opportunities	 for	 students	 to	 engage	 with	 peers	 who	 are	 ethnically	 and	 culturally	
similar,	not	for	segregation	purposes,	but	rather	in	order	for	students	to	support	each	other	
in	unique	ways	based	on	these	shared	cultural	experiences.	
The	 structure	 of	 the	 program	 should	 permit	 opportunities	 for	 students	 to	 have	
social	 interactions	 with	 key	 people	 in	 STEM,	 namely	 career	 professionals,	 mentors	 and	
inspirational	and	motivational	speakers.	Finally,	curricular	and	instructional	design	should	









principles	of	 participatory	 learning	 environments	 (Barab,	Hay,	Barnett,	&	Keating,	 2000)	
and	 pedagogical	 praxis	 (Shaffer,	 2004).	 As	 such,	 K‐12	 science	 education	 and	 teacher	
professional	development	should	be	structured	around	these	design	principles	in	order	to	
best	 engage	 and	 reach	 students.	 Participatory	 learning	 environments	 are	 based	 on	 five	
guiding	principles:	(i)	their	design	should	engage	students	in	doing	authentic	science,	 	for	
instance,	 inquiry‐based	 scientific	 activities;	 (ii)	 students	 should	 take	 part	 in	 science	 as	 a	






the	 work	 of	 real	 scientists,	 and	 not	 be	 isolated	 from	 or	 only	 hear	 about	 the	 work	 of	
practicing	scientists	and	other	STEM	professionals	(DeBay	et	al.,	expected	2012).	
In	order	for	the	learning	environments	to	be	successful	in	challenging	the	students,	
but	 also	 sustaining	 their	 interests,	 as	 opposed	 to	 overloading	 them	 cognitively	 or	
frustrating	 them,	 the	 scientific	 activities	 in	 which	 the	 students	 are	 engaged	 must	 be	
developmentally	appropriate,	in	addition	to	authentic.	This	is	accomplished	by	pedagogical	




to	 bridge	 the	 gap	 between	 the	 work	 of	 professionals	 and	 the	 developmental	 needs	 of	




students’	general	scientific	literacy	and	research	skills,	i.	particularly	 around	 designing	 and	
conducting	research,	developing	and	investigating	research	questions,	data	collection	and	
analysis,	 and	 technology	 use.	 These	 general	 scientific	 reasoning	 skills	 and	 research	 and	
analytical	 abilities	 can	 help	 formal	 science	 education,	 as	 well	 as	 other	 subjects,	 for	 e.g.	
reading	comprehension	and	literature,	and	will	help	all‐round	academic	development	and	
college	preparation	and	success.	In	the	informal	and	integrative	TESJ	program,	the	students	
were	able	 to	see	science	 in	many	different	 forms	which	expanded	 the	opportunities	 they	
saw	in	science	and	sparked	interest	in	exploring	science	long‐term;	however,	the	program’s	
interdisciplinary	curriculum	may	not	best	meet	the	need	for	the	students’	in‐school	science	











kinship	 on	 science	 identity	 negotiation	 amongst	 low‐income	 ethnic	 minority	 students	
within	 educational	 settings	 is	 desired.	 The	 potentially	 significant	 implications	 of	 these	
interactions	 amongst	 low‐income,	 ethnic	 minority	 students	 in	 under‐served	 inner‐city	
schools	 have	 been	 detailed	 in	 the	 discussion	 section.	 Furthermore,	 based	 on	 a	 cursory	
examination	 of	 the	 research	 literature,	 both	 leadership	 opportunities	 and	 kinship	






future	 studies	will	 also	 include	 the	 design	 and	 implementation	 of	 curriculum	 that	 better	
aligns	with	the	students’	official	curriculum.	In	these	studies,	I	will	focus	more	specifically	
on	 the	 quality	 of	 the	 students’	work.	 Furthermore,	 I	will	 examine	 the	 impact	 of	 student	
science	 identity	 negotiation	 on	 the	 quality	 of	 that	 work	 in	 science.	 I	 will	 thus	 ask	 the	
following:	




• In	 what	 ways	 did	 overall	 science	 identity	 negotiation	 or	 the	 influence	 of	
specific	 factors	 supportive	 of	 science	 identity	 negotiation	 support	 science	
learning?	
	
Buck	 et	 al.	 (2008)	 found	 that	 race‐matching	 was	 an	 important	 factor	 for	 African	
American	middle	school	girls	in	the	impact	of	mentoring	relationships	between	themselves	
and	 undergraduate	 female	 scientists;	 but	 this	 was	 not	 important	 for	 White	 and	 Latina	
middle	 school	 girls.	 Gender‐matching,	 on	 the	 other	 hand,	 was	 not	 important	 for	 any	 of	
these	girls.	 In	 the	current	study,	neither	race‐matching	nor	gender‐matching	appeared	to	
be	significant	in	terms	of	supporting	science	identity	growth	amongst	the	students	who	had	
undergone	 growth	 in	 STEM	 career	 knowledge	 or	 transformative	 experiences	 through	
social	interactions	with	significant	others.	In	fact,	there	were	many	instances	of	cross‐race	
and	 cross‐gender	 interactions	 between	 students	 and	 mentors	 or	 role	 models	 which	





One	 interesting	 observation	noted	 during	 the	 data	 analysis	 process	was	 the	 long‐
term	 STEM	 career	 interests	 of	 three	 students,	 but	 a	 lack	 of	 satisfactory	 science	 identity	
negotiation	 within	 TESJ.	 This	 raised	 the	 question	 of	 whether	 or	 not	 tensions	 existed	
between	 the	 specificity	 of	 the	 program’s	 STEM	 curriculum	 and	 the	 diversity	 of	 science	
identities	 amongst	 students.	 Ryken	 (2006)	 uncovered	 a	 similar	 tension	 in	 a	 community	
college‐industry	 partnership	 in	 which	 students	 were	 provided	 working	 opportunities	 in	
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being	 trained	 for	 only	 a	 specific	 range	 of	 careers.	 In	 regards	 to	 an	 out‐of‐school	 science	
setting	 such	 as	 this,	 I	 would	 like	 to	 investigate	 whether	 the	 specificity	 of	 the	 students’	
science	career	interests	interfered	with	the	possibility	for	some	students	to	develop	TESJ‐
type	science	identities,	whether	the	specificity	of	the	science	targeted	in	TESJ	circumvented	
the	possibility	 for	 the	 students	 to	 expand	 their	 science	 identities	 regarding	 their	 current	
STEM	interests	or	even	beyond	that	or	whether	it	is	a	matter	of	both	or	neither.	I	will	ask:	
• What	 tensions,	 if	 any,	exist	between	 the	specificity	of	 the	STEM	curriculum	
and	the	diversity	in	potential	science	identities	amongst	students?	
A	final	question	of	interest	is	in	regards	to	Gee’s	(2000	‐	2001)	theoretical	work	on	
identities.	 Gee	 discussed	 different	 kinds	 of	 identities	 that	 individuals	 can	 have	 based	 on	
genetics,	 membership	 in	 larger	 institutions	 or	 organizations,	 use	 of	 cultural	 tools	 and	
association	 with	 specific	 communities.	 The	 resulting	 identities	 are	 nature‐,	 institutional,	
discourse‐	and	affinity‐identity,	respectively.	I	would	be	interested	to	know	which	kinds	of	
identities	based	on	Gee’s	 framework,	nature‐,	 institutional,	discourse‐	or	affinity‐identity,	
are	most	 important	 to	students	 from	underserved	and	marginalized	groups,	namely	 low‐





• Based	 on	 Gee’s	 (2000	 ‐	 2001)	 theoretical	 framework	 on	 identity,	 which	
aspects	 of	 low‐income,	 ethnic	 minority	 students’	 identities	 are	 most	
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4) What	 do	 you	 think	 about	 the	 peer	 interactions,	 like	 bringing	 these	 three	 schools	
together	and	all	these	teenagers	together?	









12) Have	 you	 gained	 any	 new	 career	 experiences?	 Or	 information	 regarding	 [your	
career	interest]?	
13) Any	new	perspectives	or	thoughts	with	respect	to	this	career	path?	

















































































5) What	 is	 the	 biggest	 or	 most	 important	 thing	 to	 you	 that	 you	 have	 learned	 since	
you’ve	been	in	college	bound?	












11) And	 how	 about	 the	 teachers?	 Like	 if	 Mr.	 T	 was	 to	 pull	 you	 aside	 and	 have	 a	
conversation	about	Madison	Park	or	a	teacher	in	your	school	or	something?	
























Scientific	 literacy	 is	 the	 capacity	 to	 use	 scientific	 knowledge,	 to	
identify	 questions	 and	 to	 draw	 evidence‐based	 conclusions	 in	




Students	 proficient	 at	 level	 1	 have	 such	 limited	 scientific	
knowledge	that	it	can	only	be	applied	to	a	few,	familiar	situations.	
they	 can	 present	 scientific	 explanations	 that	 are	 obvious	 and	
follow	explicitly	from	given	evidence.	Students	performing	below	
335	score	points	–	that	is,	below	level	1	–	usually	do	not	succeed	
at	 the	 most	 basic	 levels	 of	 science	 that	 PISA	 measures.	 Such	






to	provide	possible	 explanations	 in	 familiar	 contexts	 or	 to	draw	
conclusions	 based	 on	 simple	 investigations.	 they	 are	 capable	 of	
direct	reasoning	and	making	literal	 interpretations	of	the	results	
of	scientific	 inquiry	or	technological	problem	solving.	 level	2	has	
been	 established	 as	 the	 baseline	 level,	 defining	 the	 level	 of	
achievement	 on	 the	 PISA	 scale	 at	 which	 students	 begin	 to	
demonstrate	 the	 science	 competencies	 that	 will	 enable	 them	 to	




Students	 proficient	 at	 level	 3	 can	 identify	 clearly	 described	
scientific	 issues	 in	 a	 range	 of	 contexts.	 they	 can	 select	 facts	 and	
tap	knowledge	to	explain	phenomena	and	apply	simple	models	or	










issues	 that	 may	 involve	 explicit	 phenomena	 requiring	 them	 to	
make	inferences	about	the	role	of	science	or	technology.	they	can	
select	 and	 integrate	 	 explanations	 from	 different	 disciplines	 of	
science	 or	 technology	 and	 link	 those	 explanations	 directly	 to	
aspects	of	life	situations.	Students	at	this	level	can	reflect	on	their	




Students	 proficient	 at	 level	 5	 can	 identify	 the	 scientific	
components	of	many	complex	life	situations,	apply	both	scientific	
concepts	 and	 knowledge	 about	 science	 to	 these	 situations,	 and	
can	compare,	 select	and	evaluate	appropriate	scientific	evidence	
for	 responding	 to	 life	 situations.	 Students	 at	 this	 level	 can	 use	
well‐developed	 inquiry	 abilities,	 link	 knowledge	 appropriately	






identify,	 explain	 and	 apply	 scientific	 knowledge	 and	 knowledge	
about	science	in	a	variety	of	complex	life	situations.	They	can	link	
different	information	sources	and	explanations	and	use	evidence	
from	 those	 sources	 to	 justify	 decisions.	 They	 clearly	 and	
consistently	 demonstrate	 advanced	 scientific	 thinking	 and	
reasoning,	 and	 they	 use	 their	 scientific	 understanding	 to	 solve	
unfamiliar	scientific	and	technological	situations.	Students	at	this	
level	 can	 use	 scientific	 knowledge	 and	 develop	 arguments	 in	











One	 of	 the	 three	 NAEP achievement	 levels,	 denoting	 partial	
mastery	 of	 prerequisite	 knowledge	 and	 skills	 that	 are	
fundamental	for	proficient	work	at	each	grade	assessed.		
Proficient	
One	 of	 the	 three	 NAEP achievement	 levels,	 representing	 solid	
academic	performance	for	each	grade	assessed.	Students	reaching	
this	 level	 have	 demonstrated	 competency	 over	 challenging	
subject	 matter,	 including	 subject‐matter	 knowledge,	 application	









attempt	 to	 provide	 a	 concrete	 interpretation	 of	what	 the	 scores	
on	the	TIMSS	mathematics	and	science	achievement	scales	mean	
(for	example,	what	it	means	to	have	a	scale	score	of	513	or	426)…	
Scale	 anchoring	 involves	 selecting	benchmarks	 (scale	points)	on	
the	TIMSS	achievement	scales	to	be	described	in	terms	of	student	
performance	and	 then	 identifying	 items	 that	 students	 scoring	at	
the	anchor	points	can	answer	correctly…	Detailed	information	on	










































































































































































0	 71	 71 69 73	 72
4.6	 59	 71 68 69	 60
9.1	 50	 71 71 66	 58
13.7	 76	 71 67 89	 57
18.3	 61	 70 64 75	 58
22.9	 75	 77 70 59	 54































































0	 80	 65 64 67	 70
4.6	 72	 66 67 75	 66
9.1	 69	 66 55 69	 67
13.7	 77	 66 61 79	 72
18.3	 80	 67 67 70	 67
22.9	 79	 67 68 74	 65
27.4	 78	 66 70 66	 73
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